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ABSTRACT 

A  survey  Is  presented  of  the  current  status  of  the  calculation  of  gamma-ray 
dose-rate  attenuation  In  air  ducts  through  concrete.  A  simple  empirical  formula 
is  exhibited  which  shows  satisfactory  agreement  with  the  results  of  more  complicated 
computational  techniques  and  with  experimental  results.  This  simple  formula 
represents  a  large  saving  in  computation  time  —  2  seconds  per  case  compared  to 
400  seconds  by  IBM-1620  computer.  Its  validity  is  established  for  a  wide  range  of 
duct  geometries  and  for  gamma-ray  energies  up  to  3  Mev. 
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INTRODUCTION 


In  fhe  shielding  of  personnel  against  gamma  radiation  from  nuclear  weapons, 
an  important  aspect  of  the  oroblem  is  consideration  of  the  hazard  caused  by  rodia* 
tion  which  is  scattered  off  interior  surfaces  of  entrancewoys  and  air  ducts  into  the 
shelter  area.  The  duct  streaming  problem  has  been  investigated  both  experimentally 
and  theoretically  at  several  laboratories.  In  this  report  a  brief  review  will  be  given 
of  some  theoretical  approaches  to  the  problem  of  gamma*ray  streaming  through  ducts. 
The  calculational  methods  up  to  the  present  time,  although  quite  accurate,  have 
been  very  complicated  and  time  consuming. 

The  method  of  Chopmon^  will  be  discussed  in  some  detail,  since  the  object 
of  the  present  effort  was  to  duplicate  Chapman's  results  by  less  laborious  means. 

An  empirical  formula  will  be  developed  to  relate  dose  attenuation  foctors  to 
gamma-ray  energy  and  duct  geometry.  A  comparison  will  be  mode  between  predic¬ 
tions  of  the  empirical  formula  and  the  results  of  other  computational  techniques. 

Also,  comparisons  will  be  drawn  between  results  of  the  formula  and  experimental 
results.  It  will  be  demonstrated  that  the  formula  gives  satisfactory  results  over  a 
wide  region  of  interest. 

Some  sample  problems  will  be  worked  to  demonstrote  the  practical  usefulness 
of  the  empirical  formula,  and  the  accuracy  and  reliability  of  the  formula  will  be 
discussed,  and  its  limitations  will  be  dellneoted. 


THEORY  OF  DUCT  STREAMING 

In  the  post,  several  investigators  have  attoeked  the  theoreticoi  problem  of 
gomma-ray  streaming  through  air  duets  in  concrete.  In  order  to  discuss  their  work 
as  well  as  the  empirical  formula  to  be  developed,  a  standord  terminology  is  odopted 
as  follows: 

D  s  Measured  dose  rate  In  mr/^r  at  some  distance  along  the  axis  of  the  duct 
D  Dose  rate  In  mrAr  ot  unit  distance  from  source  In  air 


Preceding  Page  Blank 


=  Dom  rate  in  mr/Ur  in  center  of  first  comer  of  duct 

=  Length  of  first  ieg,  measured  from  the  source  to  the  center  of  the  first 
comer 

=  Distance  from  source  to  detector  in  first  leg 

L2  =  Length  of  second  leg,  of  o  two-legged  duct  measured  from  the  center 
of  t^  fint  comer  to  the  end  of  the  duct 

^2  -  Distance  from  center  of  first  comer  to  detector  in  second  leg  of  a  two- 
legged  duct 

H  »  Height  of  duct 

*  Width  of  first  leg  of  duct 

W2  ^  Width  of  second  leg  of  duct 

W  »  Width  of  duct  if  W^  =  W2 

One  of  the  eorlieit  investigators  wos  Eisenhouer,^  who  developed  o  theoreticol 
model  to  oceount  for  the  results  of  his  experimental  findings  with  a  Co^  point 
source  in  two-legged  ond  three-legged  rectangulor  oir  ducts  in  corKrete.  He 
observed  thot  dose  fell  off  in  the  second  leg  of  o  duct  occording  to  the  relotionship 


Seeking  onother  relotionshfp,  Eisenhouer  found 


-  (W/2)  -  (1/ld 

dO 

tlie  absorption  coefRclont  of  Co 


rays  in  concrete. 


Eisenhauer  was  fhus  able  to  show  that  dose  rotes  along  the  axis  of  his  ducts 
were  proportional  to  the  solid  angle  subtended  by  the  detector,  provided  the  proper 
origin  was  selected.  In  the  second  leg,  then,  Fisenhnoer  hod 


where  K]  is  an  empirical  constant  which  can  be  justified  approximately  from 
theoretical  arguments. 

Most  treatments  of  the  streaming  of  gammo  radiation  through  air  ducts  in 
concrete  are  based  on  the  method  of  LeDoux  arKi  Chilton.^  Their  method  con  be 
explained  by  reference  to  Figure  1.  The  Areas  A),  A2f  A3,  and  A4  ore  called 
primory  scattering  areas  because  they  are  visible  from  both  the  source  and  detector 
positions,  it  is  reasonoble,  therefore,  to  suppose  that  most  radiation  reoching  the 
detector  should  be  scattered  from  the  primory  scattering  oreos.  Using  opproximate 
values  for  differential  dose  olbedo  and  invoking  solid-rangle  orguments,  LeDoux 
ond  Chilton  were  able  to  calculate  the  primary  scattering  effects.  Not  having 
available  to  them  accurate  values  for  differential  dose  albedo,  they  used  total 
albedo  values,  assuming  isotropic  scattering.  LeDoux  ond  Chtiton  oiso  developed 
on  analytical  method  for  treating  comer-lip  transmiuion  effects  ond  comer-lip 
in-scottering  effects.  Their  results  generally  gove  good  qualitotive  ogreement  with 
experiment,  but  theoretical  predictions  were  low  because  of  neglect  of  multiple- 
scatter  contributions. 

Chilton^  subsequently  extended  the  onolyticol  method  to  coses  where  the 
source  and/or  detector  are  locoted  off  the  oxis  of  the  duct. 

Terrell^  used  the  best  values  then  ovolioble  for  differentioi  dose  albedo.  He 
numericolly  integrated  dose  scattering  contributions  from  the  vorious  interior  surfoces 
of  0  duct.  Multiple  scottering  wot  occounted  for  by  the  use  of  o  buiid-tq>  foctor. 

Subsequently,  Terrell^  described  o  computerized  method  for  performing 
numericol  integrations  of  bockscottered  dose,  still  using  o  build-up  foctor  to  account 
for  multiple  scotter.  The  method  oppeored  to  give  good  results  but  remoins  subject 
to  question  becouse  reliable  voiues  for  differentioi  dose  olbedo  were  not  then 
ovolioble. 
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Another  computer  code  for  performing  numericol  integrotions  of  dose 
bockscotter  of  gammo  rays  from  interior  walls  of  ducts  wos  written  by  Silverman 
and  his  co-workers.^  The  computer  code  treated  only  single  scattering,  although 
a  method  was  outlined  for  treating  second  reflections,  because  tlie  spectral  distribu¬ 
tion  of  gamma  rays  backscattered  from  concrete  was  not  well  known 

11  60  1 37 

Ingold  made  calculations  on  Co  and  Cs  gamma-ray  penetration  through 

straight  air  ducts  in  concrete.  Using  the  single-scutter  approximation  and  using  the 
semiempirical  albedo  formula  of  Chilton  and  Huddleston,  ^  Ingold,  using  o 
computerized  numerical  integration,  showed  that  a  squore  duct  and  a  round  one  of 
the  same  cross-sectional  orea  have  almost  identical  ottenuotion  properties  for  all 
duct  lengths  and  for  each  energy  studied.  This  computational  result  is  in  ogreement 
with  the  experimental  findings  of  Fowler  and  Oom.'^ 

Ingold  also  wrote  a  computer  program  to  treot  second  reflections  within  o 
straight  cylindrical  duct.  A  difficulty  arose  because  the  albedo  value  for  second 
reflection  depends  on  the  energy  of  the  once-scottered  photon  incident  ot  the  second 
reflection  surface.  Even  if  backscattered  gommo-roy  energy  spectra  were  well 
known,  on  integration  over  the  spectra  would  be  required  for  on  exact  ccicuiotion. 

As  on  opproximation,  Ingold  ossumed  thot  the  gomma-roy  energy  Incident  to  the 
secoTKl  reflection  wos  single-valued.  The  value  taken  was  that  computed  for  the 
emergent  ray  of  the  first  reflection,  assuming  a  single  Compton  scatter. 

Chapman^  devised  a  computer  program  (Appertdix  A)  to  extend  the  LeDoux- 
Chilton  technique  for  two-legged  ducts  to  iisclude  double-scotter  effects,  using  the 
method  of  Ingold.^  ^  The  first-order  effects  (Figure  1)  described  by  LeDoux^  ore 
irKluded  os  one  port  of  the  four-port  program.  Second-order  scatterings  ore 
handled  in  the  monner  described  by  'rsgold.  ^  In  addition,  Chopmon  treots  other 
second-order  effects  such  os  a  wall  bockscotter  followed  by  o  comer-lip  Inscotter. 
Chopmon *s  method  olso  gives  relative  dose  contributions  of  the  vorious  first-  ond 
sec<^-order  effects.  Tobte  A -VI  of  Appendix  A  illust.*otes  the  ratio  of  the  contri¬ 
bution  of  eoch  port  of  the  problem  to  the  entire  dose  rate  for  selected  theoretical 

*  .  ^  137 

*  Meosurements  of  the  energy  spectra  of  gommo  rays  from  Co  ortd  Cs  bock  - 

scottered  from  semi -infinite  slobs  of  porcffin,  oluminum,  iron,  tin,  and  leod  hove 
been  performed  by  Hyodo.^  Also,  Monte  Corlo  colculotions  of  the  albedo  of 
1-Mev  gommo  roys  reflected  from  semi -infinite  slobs  of  woter,  aluminum,  copper, 
tin,  or>d  leod  at  vorious  ongles  of  inciderKe  hove  been  performed  by  Hoyword  cmd 
Hubbell.^  Another  description  of  o  gommo-roy  bock  scattering  experiment  is 
given  by  Hoyword  ond  Hubbell.'® 
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wQses.  If  is  to  be  noted  that  the  ratios  of  the  l;p  effect  to  the  totol  dose  rate  fall 
off  sharply  os  L]  and  lo  become  increosingly  long  In  comparison  to  the  width,  as 
wos  predicted  by  Eiscnnaucr.^ 


The  restiits  of  calculations  (Table  A-VII)  are  compared  with  experimental 
doto^'  ^^198  whose  widths  vary  from  1 1  inches  to  6  feet,  using 

Co^,  Cs*  Au  ,  ar»d  Na^^  gamma -ray  sources.  The  calculated  dose  rates 
agree  to  within  ±30  percent  for  all  ducts  and  all  sources,  except  for  small  ducts 
with  Cs^*^^  sources,  duc*>  with  very  short  first  le«  (L]/^  s  1.33),  and  for  Au^^® 
sources.  T.  j  worst  disagreement  is  for  the  Au^^®  case.  Experiments  for  this  cose 
should  be  repeated. 


Since  agreement  between  Chapman's  calculations  and  experiment  is  excellent 
in  most  cases,  it  seems  reosorKible  to  believe  that  his  calculations  can  be  trusted  to 
be  accurate  anywhere  within  the  domain  of  energy  and  duct  geometry  where  it  has 
been  tested.  Thus,  for  the  argument  to  follow,  it  will  be  assumed  that  Chapman's 
calculations  can  be  accepted  as  true,  even  in  cases  where  the  calculations  disagree 
with  experimcot.  There  are  two  strong  reosons  justifying  this  confidence  in  the 
Chopman  Code.  They  are: 

1.  Recent  experiments^^  have  been  conducted  to  study  the  energy  spectra  of 
rwmma  radiation  within  a  duct.  Some  shadow-shield  experiments  were  also  made  to 
determine  the  relative  importance  of  various  internal  scattering  areas.  The  results 
of  this  experimental  stuuy  confirmed  very  closely  the  predictions  of  the  Chapman 
Code  for  individual  dose-rate  contributions. 


2.  It  is  clear  that  attenuation  factors  must  increase  as  the  energy  of  the 
gamma-ray  source  decreases.  Therefore,  among  the  various  sources  experimentally 
investigated,  the  smallest  attenuation  factor  should  obtain  for  Na^^  while  the 
attenuation  factor  for  Au^^®  should  be  the  largest,  provided  the  duct  geometry  is 
the  same.  However,  experimental  results^  indicate  o  smaller  attenuation  factor  for 
Au^^®  rodiotion  than  for  radiation.  On  the  other  hand,  the  Chapman  Code 

gives  monotonically  decreasing  dose  ottenuation  factors  as  the  gamma-ray  source 
energy  increases. 

For  the  two  '■eosons  stated  above,  it  is  believed  to  be  justified  to  use  the 
results  of  Chapman's  calculations  rather  than  actual  experimental  results  when 
attempting  to  develop  a  quick  woy  to  calculate  approximate  gamma-ray  dose 
ortenuatiori  (actors  for  air  ducts  in  cofKrete. 
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AN  EMPIRICAL  FORMULA  FOR  DOSE  ATTENUATION  CALCULATIONS 


In  light  of  the  general  consistency  of  the  Chapman  Code  with  experimentol 
work  and  the  illustrated  inconsistencies  in  some  of  the  experimental  meosurements, 
a  formula  to  fit  Chapman’s  calculations  rather  than  experimental  results  was  sought. 

In  an  attempt  to  discover  relationships,  a  group  of  54  ducts  was  chosen  for  a 
preliminary  study  for  three  selected  energies  (0.662  Mev,  1.25  Mev,  and  6  Mev). 
The  ducts  had  1-foot  and  6~foot  squore  cross  sections  with  ratios  of  L|/W, 
equal  to  the  integers  4,  5,  and  6.  These  longer  ducts  were  chosen  to  minimize  the 
cortribution  of  the  comer-lip  effect. 

The  array  of  dose  attenuation  factors  of  the  162  cases  is  shown  in  Table  B-l  of 
Appendix  B.  The  four  contributions  to  the  total  dose  are: 

1.  Comer-lip  inscatter  (LC).  This  calculation  accounts  for  two  effects: 

a.  The  scattering  of  photons  at  the  interior  comer  lip  in  such  a  woy 
that  radiation  from  the  source  is  deflected  so  as  to  reach  the 
detector. 

b.  A  combination,  in  either  order,  of  a  penetration  through  the  comer 
lip  and  a  backscatter  at  an  interior  surface  of  the  duct.  Comer-lip 
inscatter  is  illustrated  by  Figure  2. 

2.  Multiple  comer  inscatter  (MC).  This  colcuiotion  takes  care  of  the  case 
where  there  is  a  combination,  in  either  order,  of  an  interior  surface  backscotter  and 
a  comer-lip  inscatter.  The  Four  possible  cases  representing  multiple  comer  inscatter 
are  shown  in  Figure  3. 

3.  Primary  comer  areas  incremented  (Cl).  This  calculation  is  concerned  with 
scattering  from  those  "primary  scattering  areas" which  are  within  a  direct  line  of 
vision  from  both  the  source  and  the  detector.  The  primary  scattering  areas  are 

Ai,  A2r  A3,  and  A4.  These  areas  are  incremented  by  areas  A5  and  A^  which  can 
see  the  detector  or  the  source,  respectively,  through  the  comer  lip  by  uncollided 
penetration,  as  shown  in  Figure  1. 

4.  Multiple  surface  scatter  (MS).  This  final  computer  calculation  treats  two 
consecutive  interior  surface  backscatters  which  cause  a  photon  from  the  source  to 
reach  the  detector.  A  typical  case  of  this  type  is  shown  in  Figure  4. 
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The  array  of  attenuation  factors  of  the  162  cases  of  Table  I'i,  computed  with 
the  Chapman  Code,  displayed  certain  apparent  tendencies: 

1.  The  contributions  based  on  the  geometry  of  a  duct  (Cl  and  MS)  varied 

inversely  with  the  square  of  the  width.  In  Table  B**!,  =  36  was  inserted  in  the 

6-foot  cases  to  compensate  for  the  size  effect  relative  to  its  Woot  counterpart. 

2.  The  addition  of  one  duct  width,  W,  to  L)  or  L2  reduced  the  output  to 
roughly  one-half  that  of  the  preceding  case.  When  plotted,  attenuation  foctors 
seemed  to  fall  off  opproximotely  as  the  inverse  cube  of  the  product  of  \.\/^  andL2/W. 

3.  Most  striking  was  the  observation  «bat  the  influence  of  initial  energy  was 

such  that  attenuation  factors  fell  off  with  increasing  energy  in  a  manner  opproxi  - 
mately  proportional  to  . 

4.  Eccentricity  of  cross-Mctional  area  (H/W)  indicated  an  influence  not 
accounted  for  by  other  factors. 

These  observations  ir>dicated  a  possibility  that  a  dose  attenuation  formula 
might  be  expressed  as  a  product  of  the  various  factors  involved.  Tentatively  this 
was  assumed  to  be 


A 


03,  ®4p  ®5 
•■I  *7  0 


0) 


in  order  to  test  the  hypothesis  stated  by  Equation  1,  60  coses  in  the  region  of 
interest  were  randomly  selected.  The  60  coses  were  chosen  so  os  to  sotisfy  oil  of 
the  following  inequalities: 

0.662  £  Eo  s  6.000  Mev 

1.0  ^6.0  feet 

1.0  s6.0feet 

2  s  L|  s36feet 


A  «  0.155 
o,  >  0.962 
«2  «  2.858 


-  -2.498 
*  -2.626 
*  <0.637 
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When  the  formula  of  Equation  1  with  these  parameters  was  used  to  compute 
the  test  cases,  very  close  ogreement  (standard  deviation,  a  pa  5%)  was  found  with 
Chapman’s  solutions.  When  applied  to  the  different,  though  slightly  overlapping, 
domain  of  experimental  ducts  and  energies  of  Toble  I,  it  was  found  that,  in  general, 
results  were  30  to  40  percent  low. 


A  regression  analysis  was  then  done  on  the  60  coses  in  Table  I,  again  using 
Chapman's  solutions  as  the  dependent  variable  in  the  analysis.  The  parameters 
found  for  this  problem  were: 


0.248 

03  =  -2.672 

1.000 

a^  =  -2.611 

2.893 

o^  =  -0.739 

Since  oil  these  were  square  ducts,  the  eccentricity  factor  (H/W)  did  not 
enter  in;  hence  a  ^  =  1.000.  It  is  to  be  noted  thof  the  greatest  difference  between 
the  two  sets  of  parameters  lies  in  the  multiplicative  constant.  The  second  set  of 
parameters  gave  quite  accurate  results  in  the  experimentol  domain,  with  the 
exception  of  coses  where  the  first  leg  wos  very  short  (L^  s  1.33  W),  However, 
agreement  wos  erratic  when  the  second  set  of  porometers  wos  used  to  calculate  the 
attenuation  factors  for  the  60  randomly  selected  hypotheticol  coses. 

Nevertheless,  inspection  shows  that  the  two  sets  of  porometers  ore  not  greotly 
different.  Therefore,  it  seemed  reosonoble  to  combine  oil  120  coses  and  to  perform 
still  another  regression  onoiysis.  Before  doing  this,  however,  four  coses  from  the 
experimentol  domain  were  eliminated  because  the  first  legs  were  very  short.  The 
formulo  was  then  found  to  be 


Q®-’^V.^.864 

2.534  ,  2.667  0.710 
1  ‘*2  o 


(2) 
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TabU  I.  Comparison  of  Coicufotod  and  Meosurod  Dose  Rotes 
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Table  B-ll  of  Appendix  B  shows  the  results  of  this  formula  applied  to  all  120 
of  the  cases.  The  Chapman  Code  required  about  6-1/2  minutes  of  1620  computer 
time  per  case,  while  less  than  2  seconds  per  case  are  required  using  the  empirical 
formula. 

A  histogram  (Figure  5)  displays  the  rotios  of  the  formula  solution  to  the 
Chapman  solution.  In  the  cases  plotted,  the  standard  deviation  is  ta  0.07.  Approxi¬ 
mately  95  percent  of  the  coses  lie  within  ±  0.14  of  the  Chapman  solution,  and 
approximately  two-thirds  are  within  ±  0.07.  If  in  the  design  of  shelter  entrance- 
ways  a  confidence  level  of  95  percent  is  desired,  the  value  computed  by  the 
formula  should  be  multiplied  by  1.15. 

Since  experimental  confirmation  is  nonexistent  above  3  Mev,  the  voiidity  of 
the  output  of  this  empirical  formula,  or  of  Chapman's  Code,  cannot  be  checked 
above  that  energy.  Since  fallout  radiation  has  an  effective  mean  energy  of 
approximately  1  Mev,  this  formula  should  be  quite  reiioble  for  foliout  shielding 
calculations.  It  is  uncertain,  however,  whether  the  formula  is  valid  for  high-energy 
initial  gamma  rodiation. 

To  further  test  the  formula,  the  origirKsI  162  coses  studied  were  calculated  by 
formula  (Rl)  and  compared  with  the  Chapman  solution  (RC).  The  comparison  is 
shown  in  Table  B-lli  of  Appendix  B.  These  162  coses  were  not  used  in  the  regression 
analysis  to  develop  the  parameters  used  in  the  formuio,  so  were  on  independent 
group.  Inspection  of  Table  B'*lll  shows  ogreement  to  be  strikingly  good. 


SAMPl£  PROBLEMS 

The  empiricol  fbimulo  will  now  be  used  to  colculote  dose  rates  within  four 
somple  ducts. 

Cose  I 

Consider  o  6«foot  squore  duct  with  L|  =  12  ^t  ond  L2  =  1 1  feet.  The  source 
energy  is  1.25  Mev,  corre^sonding  to  Co^. 

Equation  2  is  rtow  used: 


0.976  X  10*^ 
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NuMk*f  of  Cat** 


Rgur«  5.  Histogram  of  ildCoios  showing  tho  ratio  of  th«  •mptricoi 
foraiulo  solution  to  tho  computor  solution. 


S' 

?■ 


I 
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The  above  result  can  be  obtained  by  computer  calculation,  or  by  slide  rule, 
or  by  logarithms. 

When  the  some  case  is  solved  using  the  Chapman  computer  code,  the  answer 
is  found  to  be 


=  0.9038  X  10"^ 


This  cose  corresponds  to  an  actual  experiment  performed  by  Terrell  and  his 
co-workers.^  The  experiment  value  was  found  to  be 


D  -4 

^  =  0.8755  X  10 

o 


It  is  clearly  seen  that  the  results  obtained  by  the  empirical  formulo  nre 
sufficiently  accurate  for  shielding  calculations. 

Case  2 


Next,  take  the  cose  of  o  3-foot  square  duct  with  L|  -  6  feet  and  L2  =  6  feet 
where  the  gomma-roy  source  is  again  Co^  (1.25  Mev). 

The  formuio  of  Equation  2  now  gives 


=  0.214 


j2.534  (1,25®'^*°) 


Slide-rule  solution  gives 

D  -3 

^  ==  0.381  X  10 

o 
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The  Chapman  Code  gives 


=  0.3688  X  10‘^ 


The  experimental  result  for  this  cose,  obta'ned  by  Chapman, 


D  -3 

~  =  0.354  x  10 

o 


Here  again,  ogreement  is  good  between  experiment,  computer  code,  and 
empirical  formula. 

Case  3 


Next  consider  a  smaller  duct.  Choose  on  Il'-irKh  (0.917-foot)  square  duct 
with  L]  =  3.28  feet,  and  L2  =  2.62  feet.  The  energy  is  again  taken  to  be  1.25  Mev. 
The  formula  gives 


From  the  formula. 


~  =  0.538  x  iO'^ 
o 


The  Chapman  Code  gives 

^  =  0.5406  X  10"^ 
o 
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The  experimental  result  for  this  cose  was 


found  by  Green 


14 


to  be 


D  -3 

=  0.559  X  10 


Case  4 


in  order  to  test  the  formula  for  a  different  initial  energy,  select  a  6  x  6-foot 
square  duct  with  Ll  =  13  ;eet  arxi  L2  ~  ^  gommo-ray  source,  choose 

Csl37  an  energy  =  0.662  Mev. 

Apply  the  formula  as  follows: 


=  0.214 


<6j 


0.907 


,.2.864, 

i® _ 


1 3^*^^  (1 1  (0.662^'™) 


==  0.124  X  10 


-3 


The  Chapman  Code  gives 


=  0.1326  X  10‘^ 
o 


The  experimental  result  for  this  case  was  found  by  Terrell  to  be 


=  0.1289  X  lO"^ 


In  all  of  the  above  cases  excellent  agreement  is  found  between  experiment 
and  the  two  methods  of  calculation. 
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CONCLUSIONS 


An  empirical  formula  has  been  developed  which  can  be  used  for  hand 
calculation  of  attenuation  factors  of  dose  rates  of  gamma-ray  streaming  through 
concrete  ducts,  it  provides  a  vast  saving  of  time  —  2  seconds  against  400  seconds 
of  computation  by  IBM-1620  computer  —  and  will  handle  a  wide  range  of  energies 
ond  duct  geometries.  Further  refinement  of  the  formula  might  be  made  to  discover 
exponents  less  complicated  or  to  find  on  additional  factor  treating  the  comer-lip 
effect  separately.  The  latter  would  be  quite  useful  in  working  with  ducts  having 
first  legs  L]  <  2H, 

A  hand  calculator  such  os  a  nomograph  or  a  slide  rule  should  be  developed  for 
use  in  civil  defense  work. 

This  formula  might  be  simplified  somewhat  for  strictly  fallout  radiation,  since 
most  residual  radiation  has  a  mean  effective  energy  of  approximately  1  Mev,  making 
the  Eo  factor  drop  out  as  a  1.  Log-log  graphs  might  be  drawn  to  handle  unwieldy 
expOTMnts. 

Using  slide-rule  calculations,  the  formula  can  be  directly  solved  in  its 
present  form: 


=  0.214 


(■^) 


0.907 


W 


2.864 


2.534  ,  2.667  ,  0.710 


'1 
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CHAPMAN'S  COMPUTER  CODE  FOR  COMMUTING  GAMMA-RAY 
DOSE  RATES  IN  TWO-LEGGED  CONCRETE  DUCTS 

The  computer  code,  written  by  J.  M.  Chopmcm,^  which  is  used  for  numerous 
colcuiotions  in  this  report  will  now  be  briefly  described.  Because  of  the  complexity 
of  the  problem  ond  the  limitations  of  the  IBM- 1620  computer.  Chapman  chose  to 
divide  his  code  into  four  separate  programs.  Each  of  these  parts  calculates  one  of 
the  contributions  to  the  total  dose  rate  at  the  detector. 

Early  investigators  found  that  when  measuring  dose  rates  in  straight  ducts, 
their  readings  were  always  30  to  40  percent  higher  than  could  be  exploined  by  the 
inverse  square  low  of  dispersion  of  gotnma  particles  from  a  point-isotropic  source. 
This  indicated  that  the  photons  were  being  boclcscattered  from  the  wails  of  the 
duct.  When  this  was  studied  analytically,  it  was  determined  that  a  single  bock- 
scatter  could  not  account  for  oil  o'  the  build-up.  This  led  to  a  reaiizotion  that  a 
second  scatter  contributed  to  the  totoi  dcse. 

in  moving  to  a  ducv  with  a  right-ortgle  bend,  another  factor  was  found  to 
materially  affect  attenuation.  The  lip  at  the  inside  corner  of  the  bend  wos  shown 
to  produce  an  inscotter  and  to  allow  some  radiation  to  pass  through  it  uncollided, 
proceeding  in  a  straigf.t  line  until  it  reoched  the  detector  or  a  surfoce  where  it 
would  undergo  a  bockscotter.  The  albedo  concept  was  developed  to  old  in  the 
calculation  of  these  scattering  effects.  Chapman  incorporated  differmtiol  dose 
albedo  into  his  program,  using  the  method  of  Chilton  artd  Huddleston to  colculote 
eoch  of  the  contributions  to  the  totoi  dose  rate. 

In  the  "comer-lip  inscotter"  (LC),  the  radiation  which  undergoes  o  bockMotter 
ond  on  uncolllded  perretration  of  the  lip,  in  either  order,  is  calculated,  os  well  os 
thot  which  reoches  the  detector  os  o  result  of  a  single  imcotter  through  the  comer 
lip.  The  contribution  resulting  from  o  bockscotter  and  o  lip  inscotter,  in  either 
order,  is  calculated  in  the  port,  "multiple  comer  inscotter"  ^C).  That  port 
of  the  totoi  dose  undergoing  a  single  bockscotter  before  reochirtg  the  detector, 
"primory  comer  oreos  incremented"  (Cl),  is  coiculoted  by  subdividing  the  scotterirrg 
oreos  into  srrKiller  reflecting  unit  oreos.  The  remoirrder  of  the  total  dose  rate  is 
hondled  in  "multiple  surfoce  scatter"  (MS),  which  treats  oil  rodioHon  thot  undergoes 
two  bockscotten. 
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For  dofoUf  concoming  Iho  physics  of  tho  computor  code,  the  interested  reader 
is  referred  to  Reference  1. 

The  complete  code.  In  five  ports,  Is  written  for  the  IBM-1620  computer  in 
Fortnm  I  with  format.  The  first  four  ports  ore  used  to  calculate  the  different 
contributions  of  the  problem  while  tlw  fifth  Is  merely  o  simple  program  to  sum  the 
output  of  the  first  four  ports.  Table  AH  Is  a  listing  of  the  program  which  calculotes 
the  comerHlp  Imcotter  (LC);  Table  AHI,  the  multiple  comer  inscatter  (MC); 

Table  AHII,  the  comer  scottering  areas  IrKremented  (Cl);  Table  AHV,  the  multiple 
surface  sootter  (MS);  Table  A-V,  the  summing  progrom;  Tdble  A-VI,  the  ratio  of 
each  port  to  the  totol;  Table  A-VII,  o  sample  problem  showing  Input  ortd  output 
by  ports. 

The  input  format  is  in  the  form  (F7.3,  F6.0,  2F5.0,  3F5.1).  The  output 
Identifies  eoch  case  In  the  formot  (4  x  F7.3,  Fi^O,  2F5.0,  3F5.1,  10H  TOTAL  (  ), 

1  X  E  12.4).  If  Indlvlduol  parts  of  any  contribution  are  desired,  sense  switch  1 
should  be  on.  All  dimensions  ore  In  Inches. 
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TABLE  A-1.  CHAPMAN  CODE  LEOOUX-CMl LTON  LIP  EFFECT 


50  READ  100tE0tDOtELl#EL2tWltW2#H 
100  FORMAT(F7,3tF6*0*F5.0  #F5.0»F5«1 »F5«1 *F5.1 ) 

B2-W2/2. 

B3*H/2. 

X1-W1*W2/<2.*EL2-W1 ) 

X2»W1»W2/(2.*EL1-W2J 

IF(EO-«3)40#40t41 

40  RLO*4,65/EO*«.240 
GO  TO  44 

41  IF(EO-U0142*42.43 

42  RLO-5.98 
60  TO  44 

43  RLO»5.98*EO**.240 

44  Y2«B1*IEL1>B2)/<EL1-62-RL0) 

S2*B1*RL0/(ELI-82-RL0) 

Z2»(Y2<f6l4X2)/2. 

503»EL14>B2 

SQ2-EL24B1 

S01*<EL1*EL1^B1*B1 )»*.5 
SQ4«(EL2*EL24B2*B2»**«5 
0«0«0 
J*4 
E*EO 

ANE«L0G<E) 

ANC*-2.9214«6805#ANE+*01U*ANE«ANE-*04131*ANE*ANE»ANE 

C«EXPCANC» 

IF<E-UI200#200#201 

200  ANCP»-5*89^*275*(E-3.25 1**2 
GO  TO  204 

201  !F(E-2*l202f203t203 

202  ANCP«-4.86*.36*(E-2. 1**2 
GO  TO  204 

203  ANCP«-4.83-.013»E 

204  CP*£XP<ANCPl 

7  tF(J-4)8»8*9 

8  Rl«ISQ3*SQ3*Z2*22l**.5 
R2»((EL2-Z2I**2*82*B2I***5 
CSTH0««ELUB2)/R1 
CSTH-B2/R2 

CSPM-UO 
AIC»H*(r2-X2-Bn 
GO  TO  14 

continued 


25 


9  IF(J-5)10*10.11 

10  R1*CEL1*EL1-».(B1+X2)*»2-»-B3»B3)***5 
R2«(  (EL2-X2-B1  »»*2*»-B3»B3 )«*.5 
CSTH0*B3/R1 

CSTH*B3/R2 

CSPH*<Bl-*-X2)/{  cai+X2»**2  +  ELl*EL: 
AK*IY2-B2)#(W2+RL0)-X2*W2-S2*RL0 
GO  TO  14 

11  IF(J«6n2*12*13 

12  Rl*(  (ELl-B2-xn«*2^61*Bl)**.5 
R2«C  (EL2+Bll**24<B2-fXll*»2)»».5 
CSTHO-Bl/Rl 
CSTH*JEL2>B2|/R2 

CSPH-1.0 
60  TO  14 

16  !F(ES-«3)46»46*47 

46  RLS«4.65/ES**«240 
GO  TO  51 

47  lFfES-l«0)48t48t49 

48  RLS«5.98 
60  TO  51 

49  RLS>5«98*ES***269 

51  Yl«B2*(EL2<i>Bl)/(Et2-Bl-RLSl 
AIC*H*(Y1-X1-B2) 

60  TO  23 

13  IFU-7|17*17,30 

17  Rl«nELl-Xl-82}«*24e3«B3)««»5 
R2>(EL2*Et24>(B24Xl)««2463«B3)**.5 
C$TH0«B3/R1 

CSTH«B3/R2 

CSPH»fB2^Xl l/( (624X1 )«*24EU2«EL2)*«.5 
60  TO  14 

18  RLS«2«66*E5»««436 
Y1-B2«(EL2461)/(EL2-B1-RLS) 

SI «62»RLS/ ( EL2»81 -RLS I 

AK«(  Yl<-Bl)*(Wl4RLSI*Xl«Wl-Sl«Rt.$ 

60  TO  23 

14  STH0«(U-CSTH0«CSTH0)*««5 
STH«  ( 1  t-CSTKKSTH  }•••  5 

csths«stho*sth*cspm-cstho*csth 

29  ES«E0/(1.4E0/«511«(1««CSTHS)) 

15  P«ES/EO 

UK*3.97054P*P«( 1 • ♦P*P-P* 1 1 •-CSTHS»*2 n 
fFtJ-7l22*22»32 

22  tF( J-6}23»16tl8 

23  AL«(C*UK4CP}/(1«4CSTH0/CSTH) 

OX«00«AK*AL4CSrHO/ ( R1 •R2 I ••2 
IF (SENSE  SWITCH  1 }f  .62 

CONTINUED 


u 


61  IF (J-5) 1000*1001*1002 

1000  PUNCH  103*0K 

103  FORMAT(E12*4*2X6HAREA  6) 

GO  TO  62 

1001  PUNCH  105*DK 

105  rORMAT(E12.4*2X6HAREA  8) 

GO  TO  62 

1002  IF(J-6) 1003*1003* 1CC4 

1003  PUNCH  106*DK 

106  FORMAT(E12*4»2X6HAREA  5) 

GO  TO  62 

1004  PUNCH  104*DK 

104  FORMAT(E12*4*2X6HAREA  7) 

GO  TO  62 
62  0*D-t-DK 
J  =  J4-1 
60  TO  7 

30  Rl*( (EL1-B2)*»2>B1*B1 )***5 
R2=( (EL2-B1)**2>B2»B2)***5 
CSA1*B1/R1 
CSA2*B2/R2 

CSTHS=CSA1*( 1.-CSA2*CSA2)**.5+CSA2#(1,-CSA1*CSA1 )»».5 
GO  TO  29 

32  DK  =  ,01785»UK*H*CSA1*CSA2*RLC«RLO*00/(R1*R2  J»*2 
D»0<f0K 

IF  (SENSE  SWITCH  1)33*34 

33  PUNCH  107*D»C 

107  F0RMAT(E12.4,2X13HLIP  INSCATTER) 

34  PUNCH  102*EO*00*EL1*EL2*W1*W2*H*0 

102  FORMATC4XF7*3*F6.0*2F5,0*3F5«1 *10H  TOTALCLC ) *1XF12.4 ) 
IF  (SENSE  SWITCH  2)77*88 
77  PAUSE 
86  GO  TO  50 
END 
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TABLE  A-II.  CHAPMAN  CODE  MULTIPLE  CORNER  INSCATTER 


SO  READ  lOOfEO»DO«ELl»EL2>Wl*W2fH 
100  FORMAT(F7.3#F6*0*F5.0»F5,0*F5*1 #F5.1tF5#l) 

02*W2/2« 

B3*H/2. 

EX1*W1*W2/{2«*EL2-W1) 

EX2*W1*W2/(2.»EL1-W2) 

0S»0« 

X0*ELUB2 

Y0*B1 

20*0* 

X3»B2 

Y3*EL2^B1 

23-0. 

DO  99  t«lt3 
00  TO(l»2*3)*I 

1  X1-IEL1-B2I/2«^W2 
Yl-0. 

21*0. 

A«H«(EL1-B2I 
GO  TO  A 

2  Xl*(ELl-B2l/2.^N2 
Yl«Bl 

2l*B3 

A*Wl#IELl-B2l»2. 

GO  TO  4 

3  Xl*«2 
Yl*Wl 
21*0. 

4  00  90  J*3t5 
JlO-2 

GO  TOI»»6t6)tJl 

5  fFf l-9»7«90*90 
0  3FI I-3I98.7»90 

7  60  TOfO»9flO).Jl 
0  X2*N2 
Y2«»fX 
22*0. 

GO  TO  12 
9  X2*0. 

Y2*«CL2-B11/2.4’W1 

Z2*0« 

60  TO  12 

CONTINUE 


10  X2=B2 

Y2=(EL?-B1 )/2.+Wl 
22  =  B3 

12  R1  =  S0RT<  «X0-X1 )**2-K  YO-Yl )**2+(20~Zl )*#2) 

R2  =  SQRT< {X1~X2)**2-K  Y1-Y2 )**2+{21-Z2)**2) 
R3=S0RT( <X3-X2 )»*2+( Y3-Y2 ) **2+ ( Z3-Z2 ) **2 ) 

GO  T0( 13*14,15) .1 

13  CS0=(Y0-Y1 )/Rl 
CS1»(Y1-Y2)/R2 
CSPH1=1, 

GO  TO  16 

14  C50=(Z0-Z1)/R1 
CS1=(Z1-Z2)/R2 

CSPH1  =  (X1-X2  )  /SGRT(  (  X  1-X2  )  ♦♦2-*- {  Y1-Y2  )  **2  ) 

60  TO  16 

15  CS0*(X0-X1 )/Rl 

R  =  S0RTnX2-Xl  )**2  +  (Y2-Yl  )**2) 

CS1*«Y2-Y1)/R 

CSPH1*R/R2 

16  GO  T0« 17«18,19) ,J1 

17  R»S0R7( (X2-X1 )**2 +(72-71 ) **2 ) 

CS2*IY2-Y1 )/R 

CS3«(X3-X2) /R3 
C$PH2*R/R2 
GO  TO  20 

18  C$2*(X1-X2)/R2 
CS3*(X3-X2) /R3 
CSPH2*1, 

AsH*(EL2-B1 ) 

GO  TO  20 

19  C52«(22-23)/R2 
CS3*(23-Z2) /R3 

CSPH2«{Y2-Y1 )/SORT( (72-71 ) **2+ ( X 1 -X2 ) *•? » 
A«W2»IEt2-Bl)*2. 

20  CSO«SQRT(CSO*CSOI 
CSl*SORT<CSl*CSl) 

CS2«50RT(CS2*CS2J 

CS3*S0RTICS3»CS3) 

Dl*DO 

K«1 

El-EO 

21  GO  TO(22*23}»X 

22  IF( I-3»24,25,25 

23  |E( J-3)25*25#24 

25  CSTMS»CSC*SQRT(U-CSl*CSll+CSl*SORT(  U-CSO+CSOJ 
CSTHS»CStHS*CSPHl 
GO  TO  26 


CONTINUED 


24  STHO*SORT( l.-CSO*CSO) 

STh*SQRT(l.-CSl*CSl ) 

CSTHS=SrHO*STH*CSPHl“CSO*CSl 

26  ES1=£1/(1.  +  E1/*5U*(  l.-CSTHS)  ) 

P»ES1/E1 

UK»3,9705»P*P»{ 1*+P*P-P*( 1*“CSTHS*»2) ) 

GO  TO(27»28)#K 

27  IF( !-3)29#30*30 

28  IF{ J-3}30#30,29 
30  IF(E1-. 3)34, 34*35 

34  RLS=4,65/El**.24 
GO  TO  38 

35  IF ( El“l , ) 36 ,36 ,37 

36  RLSs5,98 
GO  TO  38 

37  RLS*5,98*E1**,24 

38  D2  =  ,01785»UK*H*CS0*CS1*RLS*RLS*D1/  (R1*R2)**2 
GO  TO  44 

29  E=E1 
ANE*LOG(E) 

ANC=-2,921+«6805*ANE+*0 11 1*ANE*ANE-,04131*ANE*ANE*ANE 

C=EXP(ANO 
IF(E-1. )200,200,201 

200  ANCP=-5,89+,275»(E-3.25)**2 
GO  TO  204 

201  IF{E-2,)202*203,203 

202  ANCPs-4#86+,36*{E-2, ) **2 

GO  TO  204 

203  ANCP*-4,83-,013»E 

204  CP*EXP(ANCP) 

43  AL*(C*UK-fCP)/(l,-»-CSO/CSl) 

D2*D1»AL*A*CS0/(R1*R2 )**2 

44  IF(X-2)45,46,46 

45  E1*ES1 
Dl3D2»R2»R2 
R1»R2 
R2«R3 
CS0«CS2 
CS1«CS3 
CSPH1*CSPH2 
K*2 

GO  TO  21 

46  DS*DS+D2 

IFCSENSE  SWITCH  1)47,98 
47  PUNCH  101, I, J, 02 
101  F0RMAT<6XI4,I4,E12.4) 

98  CONTINUE 


CONTINUED 
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99  CONTINUE 

PUNCH  102,E0,DC,EL1.EL2.;»1  .W2.H,DS 
102  EORMAT ( 4XF7, 3 *E6* 0 #2E 5«0 » 3F5* 1  * lOH  TOTAL (MC )* IXEl 2*4 
IF  (SENSE  SWITCH  2)77,88 
77  PAUSE 
88  GO  TO  50 
END 
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TABLE  A-III.  PRIMARY  CORNER  AREAS  INCREMENTED 


READ  105t  M 
105  FORMAT  (12) 

100  FORMAT! F7. 3, F6.0#F5.0#F5.0#F5.1.F5.1*F5,1> 

50  READ  100*EO*00*EL1»EL2«W1*W2»H 
Bl«Wl/2* 

B2»W2/2. 

B3*H/2« 

EX1*W1*W2/(2«*EL2-W1) 

EX2«W1*W2/(2«*EL1-W2> 

E-EO 

ANE«LOG(E) 

ANC*-2.921-»-*6805*ANE+.0111*ANE»ANE«*04131*ANE*ANE*ANE 

C*EXP<ANC) 

IF(E-1.)200»200*201 

200  ANCP*-5.89+.275*(E-3.25)**2 
(50  TO  204 

201  IF(E-2«)202. 203*203 

202  ANCP*-4.86+.36*(E-2* )*»2 
GO  TO  204 

203  ANCP*-4.83-*013*E 

204  CP*EXP(ANCP) 

32  EM*M 

D2*H/EM 

Xl*ELUB2 

Y1*B1 

Zi*B3 

X2*B2 

Y2*EL2-^B1 

22-B3 

0C*0, 

01»0» 

00  40  IC*1*5 
D-0, 

IF(X-1)20*20*21 

20  DX»(W2+EX1)/EM 
X*-0X/2. 

OA*OX»OZ 

Y»0* 

GO  TO  28 

21  IF(K-2)22.22*23 

CONTINUED 


22  DY=(W1+EX2)/EM 
Y=“DY/2# 

DA=DY#DZ 

X=0, 

GO  TO  28 

23  IF(K:-3)24,24,25 

24  OX=W2/EM 
DY=W1/EM 
Y=-DY/2. 

z=o* 

GO  TO  28 

25  IF(IC-4)26.26»27 

26  DX=EX1/EM 
DY=W1/EM 
Y=-DY/2. 

Z  =  0, 

GO  TO  28 

27  DX=W2/EM 
DY=EX2/EM 
X=-0X/2. 

Y=Wl-OY/2. 

Z  =  0. 

28  DO  39  1  =  1. M 
IF(K-1)1,1,2 

1  X=X+DX 
Z=-OZ/2. 

GO  TO  5 

2  Y=Y+OY 
IF(K-2)3.3.4 

3  Z=-DZ/2. 

GO  TO  5 

4  DA=DX*DY*2# 

IF(K-4)41  .42,41 

41  X=-DX/2# 

GO  TO  5 

42  X=W2-DX/2. 

5  DO  38  J=1.M 
IF(K-2)6.6,7 

6  Z*Z+02 
GO  TO  8 

7  X=X+DX 
IF(K-3)8.8.13 

13  IF( J-M-H-1  )8.15.38 
15  DA=DA/2. 

8  R1*SQRT(  (X1-X)*#2*KY1-Y)»»2'*-(Z1-Z)»»2) 

R2*SORT(  (X2-X)*»2-K  Y2-Y  )»*2'^(Z2-Z)*»2) 

IF{K-1)9.9.10 

CONTINUED 
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9  CSTHl-Yl/Rl 
CSTH-Y2/R2 

A«SORT( IXl-X)**2+(Zl-2)**2) 

B*SORT< (X2-X)*#24(Z2-2)**2) 

CE-X1-X2 
60  TO  14 

10  lF(K-2)ll»llfl2 

11  CSTHl-Xl/Rl 
CSTH«X2/R2 

A-S0RTC(Y1-Y)**24(Z1-ZI**2) 

B«S0RT{CY2-Y>**24IZ2-Z)**2) 

CE-Y2-Y1 
GO  TO  L4 

12  CSTH1»Z1/R1 
C5TH-Z2/R2 

Assort ( ( x i-x  >  **24  c  yi-y  >  **2 » 

B-SORTI <X2-X)**24(Y2-Y)**2> 

CEsSQRTt  (X1-*X2|**24(  Yl-Y2)**2l 
14  CSPHs<CE*CE-A*A-B*B»/(2**A*B) 

STHl*SORTa««CSTHl»CSTHl  I 
STHsSORT ( 1 .-CSTH*CSTH ) 

CSTHS«STH1*STH*CSPH-CSTH1*CSTH 
ES«E/(1#4E/«511*(1.-CSTHS) ) 

P«ES/E 

UK«3«9705*P*P*< 1*4P*P-P»< l.-CSTHS*«2 ) ) 

AL*  ( C*UIC4CP  I  /  <  1  •4CSTH1  /CSTH ) 

0K«00*AL*0A*CSTH1 / ( R 1 •R2 ) **2 
37  0«D40K 
3S  CONTINUE 

39  CONTINUE 
01-0140 

IF(K-3)45t70t70 
70  0C«0C40 

45  IF  (SENSE  SWITCH  1)  44*40 
44  PUNCH  103*K«0 
103  F0RMAT(6XI4»E12*4) 

40  CONTINUE 

IF  (SENSE  SWITCH  1}  106*107 

106  PUNCH  101*K*OC 

101  F0RMAT(6X14*E12*4*2X23H(T0TAL  FOR  AREAS  3*4*5)) 

107  PUNCH  102*E0*00*EL1*EL2*W1*W2*H*0I 

102  FORMAT(4XF7*3*F6*0*2F5*0*3F5*1*10H  TOTAL(CI ) *1XE12*4) 
IF  (SENSE  SWITCH  2)77*88 

77  PAUSE 
88  60  TO  50 
ENO 
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TABLE  A-IV.  CHAPMAN  CODE  MULTIPLE  SURFACE  SCATTER 


DIMENSION  X<9) fY(9»  #Z(9)»A(9) •EM(9) 

100  format (F7, 3 »F6.0#F5.0#F5.0*F5.1,F5.1*F5.1) 
50  READ  l00tE0*00#ELl#EL2*Wl,W2*H 
Bl=Wl/2« 

B2«W2/2. 

B3*H/2. 

EX1*W1#W2/<2.*EL2-W1) 

EX2*W1*W2/I2.*EL1-W2) 
Sls{ELl-EXl-B2)/2.'*>EXl-fB2 
S2*(EL2-EX2-B1 )/2«4EX2+B1 
PLl»(ELl-B2»/2. 

PL2*(EL2-B1)/2. 

S*W1/2.*W2/PL2 
111  DM»0« 

X0*ELl-*-B2 

Y0=B1 


20*0. 
X3*B2 
Y3*EL24B1 
23*0. 


X(l) 

X(2) 

X(3) 

X(4) 

XI5) 

X(6) 

X(7I 

X(8) 

X(9) 

Y(ll 

YI2) 

Y(3) 

Y(4| 

YI5) 

Y(6) 

Y(7| 

Y(8) 

Y(9) 

Z(lt 

212) 

2(3) 

2(4) 

2(5) 

2(6) 

2(7) 

2(8) 

2(9) 


B2«»-S1 

B24>S1 

B2+PL1 

B2 

B2 

0. 

0. 

B2 

W2 

0. 

B1 

W1 

0. 

B1 

B1 

B14S2 

Bl<f$2 

B1+PL2 

0. 

B3 

0* 

0« 

B3 

0. 

0. 

63 

0. 


CONTINUED 
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AC1)*2«*H*PL1-H*EX1 

AI2)*4#*W1*PL1-W1*EX1 

A(3)*2««H»Pl 1 

A(4)«H«(W2<fEXl) 

A(5)*2«*Wl*W24Wl»EXl<fW2*EX2 

A(6)*H«(Wl4EX2i 

A  <  7 ) *2«*PL2»H-EX2*H 

A(8|>4»«PL2*W2-EX2«W2 

AI9j«2**PL2»H 

EMf  n«2. 

EM(2)«3« 

EM(3)»2« 

EM(4|*2« 

EM(5)«3« 

EM<6)*1. 

EM(7)*1. 

EM(8)«3« 

EM(9|*1« 

00  90  I«l«6 
X1*X(  I ) 

Yl«y(  II 

Zl»2(  II 

EMl>EMni 

A1«A( II 

00  89  J«4*9 

IF(I-5I94.60.54 

54  Iff I-J|55*e9*60 

55  IF( I-3l58*5««60 

56  |F(J-7}60tU4*89 

114  |F(l-ll60t60t89 

60  X2»XtJ| 

Y2«Y( Jl 
22«Zf Jl 
eM2«EMIJ| 

A2«AfJ| 

IFf I-l}115fll5*112 

115  |FCJ-7lll2t92#llZ 

112  lF(J-5}66»62t61 

92  X1«W24S 
A1»H«H 

A2BlS-EXlKWl*W2«L06f  (ELl-BZl/Sl 
60  TO  66 

61  IFI J-8I66»63*66 

62  IFI t-2l66»64»63 

63  Iff l-5l66»64«66 

64  Z2«-22 
A2«*5*A2 


CONTINUED 


67  CS0*(X0-X1 )/Rl 

CSla|Xl-X2)/R2 

CSPH1*0* 

GO  TO  71 

68  IF(EM1-2* )69,69.70 

69  CSO*(yo-Yl ) /R1 
CSla(Yl-Y2)/R2 

70  CS0«(20-Z1 ) /R1 
CS1*(Z1-22)/R2 

72  CS2a(xi»X2)/R2 
CS3*<X2-X3>/R3 

Go'’7r^r"'‘  ’ •  •■*?>  (Z2-Z1  )«2 , 

73  IF(£M2«2,)74,74,75 

74  CS2«(y1-Y2)/R2 
CS3*(y2-Y3)/R3 
CSPm2«0« 

GO  TO  76 

75  CS2«(Z1-Z2)/R2 
CS3«IZ2-Z3»/R3 

■I..  5!^"'* '  77-Vl  >  /SORT  t  ( X 1-X2 1 ( yl-vj , , 

76  CSO-SORT(CSO»CSO|  '  TZ)«»2) 

CSl»SORT(CSX*CSII 

CS2«SORT(CS2»CS2l 

CS3«S0RTICS3»CS3» 

103  AAaAl 

OlaOO 

K«l 

E1«E0 

82  STH0«S0RTC1«-CS0*CS0) 

STH»S0RT( 1,-CS1*CSI ) 
CSTHS*STH0»STH«CSPH1-CS0»CSI 

OR.3.9705»P.p.ll.,p,p.p,,,.. 

ANe»L06(E) 

IF<F-1, )Z00*200*2ni 


CONTINUED 
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200  ANCP— 5*89^.275»(E-3,25)**2 
GO  TO  204 

201  IFCE-2.)202. 203,203 

202  ANCPk>4,86'*'«36*(E*2*  )  ««2 
60  TO  204 

203  ANCP»-4, 83-,013*E 

204  CP«EXP<ANCP) 

79  AL*IC*UK^CPI/(1,^CS0/CS1) 

D2*01*AL*AA*CS0/CR1*R2)«»2 

105  IF(K-2)80, 81,81 

80  E1«ES1 
AA»A2 

D1*02»R2*R2  I 

R1«R2  i 

R2-R3  I 

CS0*CS2  f 

CS1-CS3  ! 

CSPH1-CSPH2  i 

K«2 

GO  TO  82 

81  0M»0M402 

IF  (SENSE  SWITCH  1)83,89 
83  PUNCH  104, I, J, 02 
104  FORMAT  (6XI4,I4,E12,4) 

89  CONTINUE 

90  CONTINUE 

91  PUNCH  102,E0,00,EL1 ,EL2,Wl,W2,H,DM 

102  FORMAT(4XF7.3,F6.0,2F5.0,3F5,1,10H  TOTAL (MS ), IXE 12.4 ) 

IF  (SENSE  SWITCH  2)77,88 
77  PAUSE 
88  GO  TO  50 
END 


TABLE  A-V.  PROGRAM  TO  TOTAL  OUTPUT  OF  FOUR  PARTS  OF  CHAPMAN  CODE 


READ  2fMtN 
2  FORMAT ( I  3# 12) 

PUNCH  500 

500  format ( 15X40H  CALCULATED  DOSE  RATES  IN  2-LEGGED  DuCTS/) 
PUNCH  600 

600  F0RMAT(2X28HLC=LED0UX-CHILT0N  LIP  EFFECT) 

PUNCH  700 

700  FORMAT<2X28HMC*MULTIPLE  CORNER  INSCATTER) 

PUNCH  800 

800  F0RMAT(2X35HCI*PRIMARY  CORNER  AREAS  INCREMENTED) 

PUNCH  900 

900  FCRMAT(2X27HMS»MULTIPLE  SURFACE  SCATTER) 

PUNCH  400 

400  F0RMAT(6X*4H  E0**4X,4H  00 * » 20X 1 3HCONTR I BU T I ONS ) 

PUNCH  1 

1  F0RMAT{9X8HELl  EL2 »6x2HLC , 9X2HMC *9X2HC I ,9X2HMS .5X 5MTOTAL ) 
DO  55  I«1,M 
READ  300.WltW2*H 

300  FORMAT ( 13,13.13) 

PUNCH  350#W1,W2#H 

350  FORMAT <2X1 3. 2H  X,13,2H  X,I3) 

DO  44  J»1,N 

44  continue 

55  CONTINUE/ 

PAUSE 

END 
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TABLE  A-VU  RATIO  OF  EACH  FART  OF  CHAPMAN  CODE  TO  TOTAL 


•642  MEV 


ELI 

EL2 

LC 

MC 

Cl 

NS 

Cl  ♦MS 

LC4MC 

12  K 

12  CROSS 

SECTION 

48* 

48. 

•  068 

.471 

•  265 

«194 

•  460 

.539 

48. 

60. 

•  065 

•  421 

•  303 

.210 

•  513 

•  486 

48* 

72. 

•  063 

.370 

.341 

•  224 

.565 

.433 

60* 

48. 

•  056 

.47  V 

.2*»4 

•  192 

•  466 

.533 

60* 

60. 

•  053 

.426 

•  313 

•  206 

.520 

.47V 

60* 

72. 

•  052 

.374 

.35“ 

•  220 

.573 

•  426 

72. 

48. 

•047 

.487 

.279 

•  185 

•  464 

.535 

72. 

60. 

•045 

•  435 

•  319 

•  198 

•  518 

•  461 

72* 

72. 

•  044 

.383 

•  360 

.211 

.571 

•  428 

12  X 

24 

48« 

48. 

•059 

•  511 

•  222 

.205 

.427 

.571 

48* 

60. 

•  053 

•4S4 

•  243 

•  218 

•  462 

•  536 

48. 

72. 

•  051 

.449 

•  268 

•  231 

.499 

.500 

60* 

48. 

.04A 

•  510 

.229 

•  211 

.440 

.559 

60* 

60. 

•  043 

.482 

•  25C 

•  223 

•  474 

.525 

60« 

72. 

•  348 

.523 

•  322 

•  105 

.427 

•  >72 

72, 

48. 

•  041 

.516 

.233 

.209 

<^442 

.557 

72, 

60. 

•036 

.487 

.254 

•  221 

•  475 

•  524 

72. 

72. 

.035 

.452 

•  278 

.233 

•  512 

•  487 

24  X 

12 

48. 

48. 

•  181 

.390 

•  269 

.159 

•  428 

.57: 

48. 

60. 

.147 

•  380 

.293 

•  178 

•  472 

.527 

48. 

72. 

•  131 

.353 

•  321 

•  193 

.!15 

•  485 

60. 

48. 

#138 

•  388 

•  292 

•  180 

.473 

•  526 

60. 

60. 

•  112 

•  369 

*318 

.199 

•  518 

•  482 

60. 

72. 

•  100 

•  337 

.348 

•213 

•  562 

•  437 

72. 

48. 

•  113 

.386 

.308 

•  190 

•  499 

•  500 

72. 

60. 

.092 

•  363 

•  336 

.207 

.544 

•  456 

72. 

72. 

.082 

•  328 

•  367 

•  221 

•  588 

•  411 

I 


CONTINUED  I 


•662  MEV 


72  > 

!  72 

288, 

288# 

288# 

360# 

288# 

432# 

360# 

288# 

360. 

360. 

360. 

432. 

432. 

286. 

432. 

360# 

432. 

432, 

72  X 

144 

238. 

286« 

236. 

360. 

288. 

432. 

360* 

288# 

360, 

360# 

360. 

432# 

432# 

288# 

432# 

360# 

432# 

432. 

144  > 

f  72 

286# 

283# 

288# 

360. 

288. 

432# 

360# 

288# 

360# 

360# 

360# 

432. 

432# 

288# 

432, 

360* 

432. 

432# 

LC  MC  Cl 
•019  #142  #483 

•016  •lie  #511 

•015  ,096  .535 
•015  #143  #494 
•013  #118  #522 
•012  #096  #548 
•013  #146  #504 
•012  #I?1  #534 
•Oil  #099  #561 

•017  #163  #425 
•015  #146  #442 
•013  #128  • 460 
•014  # ? 59  #430 
•  0’i2  #143  #446 
#014  #167  #617 
*012  #160  #436 
•010  #144  #452 
•009  #127  #470 

•053  ,124  #516 
•040  #113  #526 
•034  ,099  ,540 
•038  ,115  ,52^ 
•029  .103  ,533 
•024  #088  #549 
•030  ,110  #530 
•023  *097  #543 
•019  #083  #559 


MS  CI^MS  LC4MC 

•353  #837  ,162 
•353  #864  #135 
•352  #887  #112 
•346  #841  ,159 
•344  ,867  #132 
•342  #890  #109 
•334  #839  #160 
•332  #867  ,133 
•328  #889  #110 

•393  #019  ,jaj 
•396  #838  #161 
•397  #057  #142 
•395  #826  #173 
•398  #844  #155 
•201  #018  ,181 
•390  #027  ,172 
•393  #845  #154 
•393  ,863  #136 

•305  #022  #178 
•319  .64^ 

•326  #867  #133 
#323  ,845  .154 
•333  #867  #132 
•337  ,866  #113 
•327  #858  ,142 
•335  #878  #121 
•337  #896  #103 


CONTINUED 
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1.25  MEV 


l: 


f 


I 

\ 


12  X 

12 

LC 

MC 

Cl 

MS 

CI4MS 

LC+MC 

4a« 

48. 

.070 

.444 

.277 

.207 

.484 

.515 

48. 

60. 

.065 

.401 

•  311 

•  221 

.533 

.466 

48. 

72. 

.063 

.354 

.347 

.234 

.582 

.417 

60. 

48. 

.057 

.447 

•  266 

.209 

.495 

.504 

60. 

60. 

.053 

.402 

•  321 

•  222 

.544 

.455 

60. 

72. 

.051 

.354 

•  358 

.235 

.593 

.406 

72. 

48. 

.048 

.455 

.291 

.203 

.495 

.504 

72. 

60. 

.045 

.410 

•  328 

•  216 

.544 

.455 

72. 
12  X 

72. 

24 

.044 

.361 

.365 

•  228 

.594 

.405 

48« 

48. 

.062 

.481 

.237 

•  218 

.455 

.544 

46. 

60. 

.055 

.458 

.256 

•  229 

•  485 

.514 

48. 

72. 

.052 

.428 

.279 

.240 

.519 

•  480 

60. 

48. 

.050 

.475 

.245 

•  228 

.473 

.526 

60. 

60. 

.044 

.452 

•  263 

.238 

.502 

.497 

60. 

72. 

.042 

.421 

•  286 

.250 

.536 

.463 

72. 

46. 

.042 

.478 

•  249 

•  228 

.478 

.521 

72. 

60. 

.037 

.455 

•  267 

.239 

.506 

.493 

72. 
24  X 

72. 

12 

.035 

•  424 

•  290 

.250 

.540 

.460 

48. 

48. 

.166 

.383 

•  274 

•  156 

.430 

•  569 

48. 

60. 

.150 

.375 

•  296 

.177 

.473 

•  526 

48. 

72. 

.133 

.350 

•  322 

.193 

.516 

.483 

60. 

48. 

.140 

.375 

•  299 

•  184 

•  483 

.516 

60. 

60. 

.112 

.359 

•  323 

.204 

•  528 

.472 

60. 

72. 

.100 

•  328 

•  351 

•  220 

.571 

•  428 

72. 

48. 

•  115 

•  368 

•  316 

.199 

.515 

•  464 

72. 

60. 

•  092 

•  346 

•  341 

.217 

•  559 

•  *»40 

72. 

72. 

•  081 

.315 

•  370 

.232 

•  602 

.397 

CONTINUED 
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1,25  MEV 


LC 

MC 

Cl 

MS 

Cl  ♦MS 

LC+MC 

72  X 

72 

288* 

288. 

•  018 

.130 

.487 

.364 

•  851 

•  148 

288. 

360. 

•  016 

.109 

.510 

.363 

.874 

.126 

288. 

432. 

.015 

.090 

.533 

.361 

•  894 

.105 

360. 

288. 

.015 

•  128 

.494 

•  361 

•  856 

.144 

360. 

360. 

•  013 

.108 

.519 

.359 

•  878 

.121 

360. 

432. 

.012 

.089 

.542 

.356 

•  898 

.101 

432. 

288. 

.013 

.131 

.503 

.351 

.855 

.144 

432. 

360. 

.011 

.110 

.528 

.349 

.878 

•  121 

432. 

432. 

.010 

.091 

.553 

.345 

•  898 

•  101 

72  X 

144 

288. 

288. 

.017 

.147 

.435 

.400 

•  836 

•  164 

288. 

360. 

.014 

.133 

.449 

.402 

.851 

•  148 

288. 

432. 

.013 

.119 

.466 

.401 

•  867 

.132 

360. 

268. 

.014 

.141 

.437 

•  406 

.844 

.155 

360. 

360. 

.011 

•  128 

.450 

•  406 

.859 

.140 

360. 

432. 

.010 

.114 

•  466 

.407 

.874 

.125 

432. 

288. 

.011 

.141 

.442 

•  404 

•  846 

.153 

432. 

360. 

.010 

.129 

.454 

.406 

•  861 

.139 

432. 

432. 

.009 

.114 

.470 

.405 

.876 

.123 

144  ; 

K  72 

288. 

288. 

.054 

•  122 

.524 

.299 

.823 

.176 

288. 

360. 

.040 

•  112 

.530 

.317 

.847 

.152 

288. 

432. 

.034 

.098 

.542 

.325 

•  867 

.132 

360. 

288. 

.038 

•  no 

.526 

.324 

•  851 

•  146 

360. 

360. 

.028 

.098 

.534 

•  338 

.872 

.127 

360. 

432. 

.024 

.085 

.547 

.343 

.890 

.109 

432. 

288. 

.030 

•  103 

.531 

.334 

•  866 

.133 

432. 

360. 

.023 

.091 

.540 

•  344 

.885 

.114 

432. 

432. 

.019 

.078 

.553 

•  346 

.902 

.097 
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6 

MEV 

LC 

MC 

12  X 

12 

48* 

48. 

.097 

*311 

48. 

60. 

.089 

.281 

48. 

72. 

.086 

.247 

60* 

48. 

.076 

.307 

60* 

60. 

.070 

.276 

60* 

72. 

.067 

*241 

72. 

48. 

.063 

.307 

72. 

60. 

.058 

.276 

72. 

72. 

.055 

.240 

12  X 

24 

48. 

48. 

.089 

.336 

48. 

60. 

.079 

.324 

48* 

72. 

.073 

.302 

60. 

48. 

.070 

.327 

60. 

60. 

.061 

.314 

60* 

72. 

.057 

.293 

72. 

48. 

.058 

.324 

72. 

60. 

.051 

•  312 

72. 

72. 

.047 

.289 

24  X 

12 

48. 

48. 

.231 

.294 

48. 

60. 

.189 

•  286 

48. 

72. 

.167 

•  265 

60* 

48. 

.170 

•  278 

60. 

60* 

*138 

•  262 

60. 

72. 

*122 

•  238 

72. 

48* 

.137 

•  263 

72. 

60* 

*110 

.245 

72. 

72. 

.097 

•  220 

Cl 

MS 

Cl  ♦MS 

LC+MC 

•  363 

.227 

.591 

•  408 

•  394 

•  234 

•  628 

.371 

•  428 

•  238 

•  666 

.333 

.372 

•  244 

•  616 

•  383 

•  402 

.250 

•  653 

•  346 

.435 

•  255 

•  691 

•  308 

.375 

•  253 

•  628 

.371 

.405 

.259 

•  665 

•  334 

•  438 

•  265 

.703 

•  296 

•  326 

.247 

.573 

•  426 

.343 

.253 

.596 

.403 

•  365 

•  258 

•  623 

.376 

•  336 

•  266 

•  602 

.397 

•  350 

.272 

•  623 

.376 

.371 

.277 

.649 

.350 

.339 

•  278 

.617 

•  382 

•  352 

•  284 

•  636 

•  363 

•  372 

•  289 

•  662 

.337 

f  323 

•  150 

.473 

•  526 

•  352 

.172 

•  524 

•  475 

•  380 

•  185 

•  566 

.433 

•  363 

•  187 

.551 

•  448 

•  390 

•  208 

-598 

•  401 

•  418 

•  220 

•  639 

•  361 

•  386 

•  212 

.599 

•  400 

•  411 

•  231 

•  643 

•  356 

•  438 

•  243 

•  681 

•  318 

CONTINUED 
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6  MEV 


72  X 

72 

LC 

MC 

288. 

288. 

.021 

.078 

288* 

360. 

.018 

.068 

288, 

432. 

.016 

.057 

360. 

288. 

.016 

.075 

360. 

360. 

.014 

.064 

360. 

432. 

.013 

.054 

<^32. 

288. 

.013 

.074 

432. 

360. 

.012 

.064 

432. 
72  X 

432. 

144 

.011 

.053 

288. 

238. 

.019 

.087 

288. 

360. 

.016 

.081 

288. 

432. 

.015 

.073 

360. 

288. 

.015 

.081 

360. 

360. 

.013 

.076 

360. 

432. 

.012 

.069 

432. 

288. 

.012 

.079 

432. 

360. 

*011 

.074 

432. 

144 

432. 

72 

.010 

.067 

286, 

288. 

.057 

.088 

288. 

360. 

.043 

.079 

288. 

432. 

.036 

.069 

360. 

288. 

.039 

.074 

360. 

360. 

.030 

.066 

360. 

432. 

.025 

.057 

432. 

288* 

.030 

.066 

432. 

360. 

.023 

.058 

432. 

432. 

.019 

.050 

Cl 

MS 

Cr-fMS 

LC-J-MC 

.553 

•  346 

.900 

.099 

.573 

•  340 

.913 

•  086 

.594 

.331 

.925 

.074 

.547 

•  360 

.908 

•  091 

*566 

.353 

.920 

.079 

.587 

.345 

.932 

.067 

.544 

.367 

.911 

•  088 

.563 

.360 

.923 

.076 

.583 

.352 

.935 

•  064 

•  508 

•  384 

.893 

•  106 

•  518 

.383 

•  901 

•  098 

.533 

.377 

.911 

•  089 

.503 

.399 

.903 

.097 

.512 

.397 

.910 

.089 

.526 

.392 

•  918 

•  081 

.499 

.408 

.908 

.092 

.506 

.407 

.914 

.085 

.519 

.403 

.922 

.077 

.583 

.271 

•  854 

•  145 

.588 

•  288 

•  876 

•  123 

•  600 

.293 

•  894 

•  106 

•  584 

•  301 

•  885 

.114 

.589 

•  314 

.903 

•  096 

•  600 

.317 

.917 

•  062 

•  582 

.320 

.903 

•  096 

.587 

.330 

.917 

•  082 

.598 

.331 

.929 

.070 
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TABLE  A-VII.  SAMPLE  PROBLEM  SHOWING  OUTPUT  BY  PARTS 

•8046E-03  AREA  6 
•8094E-03  AREA  6 
.5162E-02  AREA  5 
•2719E-02  AREA  7 
•1783E-01  LIP  INSCATTER 

1.250  4910.  90.  36.  36.0  36.0  36.0  TOTAL(LC)  .2732E-01 

1  3  .4383E-02 

2  3  .5254E-02 

3  4  .4135E-03 

3  5  .7849E-03 

1.250  4910.  90.  36.  36.0  36.0  36.0  TOTALCMC)  .1083E-01 

1  4  .OOOOE-50 

1  5  .3058E-03 

1  6  •1288E-03 

1  7  .2378E-04 

2  4  •3266E-03 

2  5  .6258E-03 

2  6  •3686E-03 

3  4  .2223E-03 

3  5  .5204E-03 

3  6  .2199E-03 

4  5  .4408E-03 

4  6  .3397E-03 

4  7  .3267E-04 

4  8  •8328E>04 

4  9  .6107E-04 

5  4  .2674E-03 

5  5  .1545E-03 

5  6  .3675E-03 

5  7  .1031E-03 

5  8  •1246E-03 

5  9  .1119E-03 

6  4  •1640E~03 

6  5  .SSSOE-OS 

6  7  .OOOOE-SO 

6  8  •1318E-03 

6  9  .5919E-04 

1.250  4910.  90.  36.  36.0  36.0  36.0  TOTAL(MS)  .5559E-02 

1  .4421E-02 

2  .3943E-02 

3  .4062E-02 

4  .3897E-02 

5  .9817E-03 

6  •8941E*02  (TOTAL  FOR  AREAS  3 .4 *5) 

1.250  4910.  90.  35*  36.0  36.0  36.0  TOTAL(CI)  .1730E-01 
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Appendix  B 

COMPARISON  OF  THE  EMPIRICAL  FORMULA  WITH 
OTHER  COMPUTATIONAL  TECHNIQUES 

LC  -  LeDoux-Chilton  lip  inscatter 
MC  =  Multiple  comer  inscatter 
Cl  =  Primary  comer  areas  incremented 
MS  Multiple  surface  scatter 

Rl  =  Dose  attenuation  Factor  as  computed  by  the  empirical  formula 
RC  =  Dose  attenuation  factor  as  computed  by  the  Chapman  Code 
R  =  RI/RC 
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TABLE  B-I.  CALCULATED  DOSE  RATES  IN  TWO-LEGGED  DUCTS 


E0-«662 

D0*1 

(AT  1  INCH) 

ALL  DIMENSIONS 

tN  INCHES 

ELI 

EL2 

LC 

MC 

Cl 

MS 

TOTAL 

12  X  12 

CROSS 

48. 

SECTION 

.9940E-07 

.6798E-06 

•3838E-06 

.2807E-06 

.1443E-05 

48. 

60. 

.4704E-07 

.3045E-06 

.2194E-06 

.1519E-06 

.7228E-06 

48* 

72. 

.2595E-07 

.1509E-06 

.1392E-06 

•9147E-07 

•4o76E-06 

60* 

48. 

.4484E-07 

•3812E-06 

.2194E-06 

.1535E-06 

.7989E-06 

60* 

60. 

.2128E-07 

•1707E-06 

.1256E-06 

.8285E-07 

.4004E-06 

60  • 

72. 

.1176E-07 

.8458E-07 

.7981E-07 

.4973E-07 

.2258E-06 

72. 

48. 

.2387E-07 

.2430E-06 

.1392E-06 

.9238E-07 

.4985E-06 

72. 

60. 

.1134E-07 

•1088E-06 

.7981E-07 

.4964E-07 

.2496E-06 

72. 

72. 

.6277E-08 

.5392E-07 

.5069E-07 

.2967E-07 

•1405E-06 

12  X  24 

48. 

48. 

.1902E-06 

.1624E-05 

.7051E-06 

•6523E-06 

.3172E-05 

48. 

60. 

.9064E-07 

.8144E-06 

.4098E-06 

•3676E-06 

.1682E-05 

48. 

72. 

.5020E-07 

.4400E-06 

•2626E-06 

.2265E-06 

,9793E-06 

60. 

hSm 

.8671E-07 

.9113E-06 

.4098E-06 

• 3765E— 06 

.1784E-05 

60  • 

60* 

.4138E-07 

.4583E-06 

.2382E-06 

.2126E-06 

•9505E-06 

60  • 

72# 

•2296E-07 

.2479E-06 

•1526E-06 

•1311E-06 

•5546E-06 

72. 

48. 

.4643E-07 

.5803E-06 

.2626E-06 

.2350E-06 

•1124E-05 

72. 

60. 

.2218E-07 

.2926E-06 

.1526E-06 

•1327E-06 

•6001E-06 

72. 

72. 

.1231E-07 

.1584E-06 

.9772E-07 

.8181E-07 

,3503E-06 

24  X  12 

48. 

48. 

.1310E-03 

•2825E-05 

.1950E-05 

•1151E-05 

.7236E-05 

48. 

60  . 

•5226E-06 

•1348E-05 

.1041E-05 

•6329E-06 

.3545E-05 

48. 

72. 

.2389E-06 

.6951E-06 

.6324E-06 

*3815E-06 

.1967E-05 

60. 

48. 

.4918E-06 

.1383E-05 

•1041E-05 

.6433E-06 

,3559E-05 

60. 

60  . 

.1993E-06 

•6S60E-06 

.5638E-06 

.3538E-06 

.1774E-05 

60. 

12. 

.9991E-07 

•3364E-06 

.3478E-06 

.2135E-06 

.9977E-06 

72. 

48* 

.2329E-06 

.7921E-06 

•6324E-06 

.3904E-06 

.2C47E-05 

72. 

60. 

.9576E-07 

.3758E-06 

.3478E-06 

•2149E-06 

.1034E-05 

72. 

72. 

.4832E-07 

•1926E-06 

.2153E-06 

.1297E-06 

.5859E-06 

CONTINUED 


o 

II 

.662 

DO*  3  6 

ELI 

EL2 

LC 

MC 

Cl 

MS 

TOTAL 

72 

X  72 

D0  =  36 

288. 

288. 

.1531E-07 

.1133E-06 

.3838E-06 

.2807E-06 

.7931E-06 

288. 

360. 

.7275E-08 

.5075E-07 

.2194E-06 

,1519E-06 

,4293E“06 

288. 

432. 

.4020E-08 

.2516E-07 

.1392E-06 

.9147E-07 

.2598E-06 

360. 

288. 

.7002E-08 

.6353E-07 

.2194E-06 

.3  535E-06 

.4434E-06 

360. 

360. 

.3338E-08 

.2845E-07 

.1256E-06 

.828SE-07 

.2402E-06 

360. 

432. 

.1849E-08 

.1409E-07 

.7981E-07 

.4973E-07 

.1454E-06 

432. 

288. 

.3756E-08 

.4051E-07 

.1392E-06 

•9238E-07 

.2758E-06 

432. 

360. 

.1793E-08 

.1814E-07 

.7981E-07 

•  4':>64E-07 

.1493E-06 

432. 

432. 

.9955E-09 

.8986E-08 

.5069E-07 

.2967E-07 

.9034E-07 

72 

X  144 

288. 

288. 

.2935E-07 

.2707E-06 

.7051E-06 

.6523E-06 

.1657E-05 

288. 

360. 

.1403E-07 

.1357E-06 

.4098E«06 

.3676E-06 

.9271E-06 

288. 

432. 

.7788E-08 

.7334E-07 

.2626E-06 

.2265E-06 

.5702E-06 

360. 

288. 

.1354E-07 

.1518E-06 

.4098E-06 

.3765E-06 

,9517E-06 

360. 

360. 

.6495E-08 

.7639E-07 

.2382E-06 

.2126E-06 

.S336E-06 

360. 

432. 

.3612E-08 

.4133E-07 

.1526E-06 

.1311E-06 

.3286E-06 

432. 

288. 

.73n7E-08 

.9672E-07 

.2626E-06 

.2350E-06 

.6016E-06 

432. 

360. 

.3508E-08 

.4877E-07 

.1526E-06 

.1327E-06 

.3375F-C6 

432. 

432. 

.1953E-08 

.2641E-07 

.9772E-07 

.8181E-C7 

.2O70E-O6 

144 

X  72 
268. 

288, 

.2009E-06 

.4708E-06 

.1950E-05 

.115.1E-05 

.3772E-05 

288. 

360. 

.8029E-07 

.2247E-06 

.1041E-05 

.6329E-06 

.1978E-05 

266. 

432. 

. J979E-07 

.1158E-06 

.6324E-06 

.3815E-06 

.1169E-05 

360. 

288. 

.7680E-07 

.2306E-06 

.1041E-05 

.&433E-06 

.1991E-05 

360. 

360. 

.3122E-07 

.1093E-06 

.5658E-06 

.3538E-06 

•1060E-05 

360. 

432. 

.1566E-07 

.5608E-07 

.3478E-06 

.2136E-06 

.6330E-06 

432. 

288. 

.3668E-07 

el320E-06 

.6324E-06 

,3904E-06 

.1191E-05 

432, 

360. 

.1514E-07 

.6264E-07 

.3478E-06 

.2149E-06 

,6404E-06 

432. 

432. 

.7639E-08 

.3210E-07 

.2163E-06 

.1297E-06 

.3847E-06 

CONTINUED 
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E0*l 

•  25 

D0*1. 

UT  1  INCH) 

ALL  DIMENSIONS 

IN  INCHES 

ELI 

EL2 

LC 

MC 

Cl 

MS 

TOTAL 

12  X 

12 

CROSS 

SECTION 

48. 

48. 

.6210E-07 

.3915E-06 

.2443E-06 

•1826E-06 

•8805E-06 

48. 

60. 

.2946E-07 

.1798E-06 

.  1396E-06 

.9945E-07 

.4483E-06 

48. 

72. 

.1628E-07 

.9042E-07 

.8862E-07 

.5999E-07 

.2553E-06 

60« 

48. 

.2787E-07 

.2179E-06 

.1396E-06 

•1019E-06 

•4873E-06 

60* 

60. 

.1324E-07 

•lOOlE-06 

• 8004E-07 

•5543E-07 

.2488E-06 

60* 

72. 

.7333E-08 

.5032E-07 

.5084E-07 

.3338E-07 

.1418E-06 

72. 

48. 

.1479E-07 

.1383E-06 

.8862E-07 

.6191E-07 

,3036E-06 

72. 

60. 

.7035E-08 

.6361E-07 

.5084E-07 

.3358E-07 

.1550E-06 

72. 

72. 

.3898E-08 

.3193E-07 

.3231E-07 

.2016E-07 

.8830E-07 

12  X 

24 

48. 

48. 

.1176E-06 

.9043E-06 

.4459E-06 

.4103E-06 

.1878E-05 

48. 

60. 

.5629E-07 

.4643E-06 

.2595E-06 

.2323E-06 

.1012E-05 

48. 

72. 

.3127E-07 

.2552E-06 

•  1664E-06 

.1433E-06 

.5962E-06 

60. 

48. 

.5347E-07 

.5031E-06 

.2595E-06 

.2412E-06 

.1057E-05 

60. 

60. 

.2560E-07 

.2594E-06 

.1511E-06 

.1369E-06 

.5730E-06 

60  • 

72. 

.1423E-07 

.1428E-06 

.9690E-07 

•8470E-07 

.3386E-06 

72. 

48. 

•2859E-07 

.3187E-06 

.1664E-06 

.1522E-06 

.6659E-06 

72. 

60. 

.1368E-07 

.1649E-06 

.9690E-07 

.8656E-07 

.3620E-06 

72. 

72. 

.7615E-08 

.9091E-07 

.6211E-07 

.5354E-07 

.2141E-06 

24  X 

12 

48. 

48. 

.8555E-06 

.1760E-05 

.1259E-05 

.7197E-06 

.4594E-05 

48. 

60. 

•3388E>06 

.8486E-06 

.6693E-06 

•4005E-06 

.2257E-05 

48. 

72. 

.1676E-06 

.4402E-06 

.4054E-06 

.2432E-06 

.1256E-05 

60. 

48. 

.3146E-06 

.8409E-06 

.6693E-06 

.4128E-06 

.2237E-05 

60. 

60. 

•1266E-06 

.4027E-06 

.3627E-06 

.2296E-06 

.1121E-05 

60* 

72. 

.6338E-07 

•2080r-06 

.2225E-06 

.1396E-06 

.6335E-06 

72. 

48. 

•1483E-06 

.4721E-06 

.4054E-06 

.2550E-06 

.1280E-05 

72. 

60. 

.6028E-07 

.2268E-06 

.2225E-06 

.1420E-06 

.6515E-06 

72. 

72. 

.3037E-07 

.U71E-06 

•1375E-06 

•8644E-07 

.3714E-06 

CONTINUED 
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E0=l,25  DO=36 


ELI 

EL2 

LC 

MC 

Cl 

MS 

total 

72 

X  72 

D0  =  36 

280. 

268. 

.9484E-08 

.6525E-07 

.2443E-06 

.1826E-06 

.5016E-06 

288. 

360. 

.4512E-08 

.2997E-07 

.1396E-06 

,9944E-o7 

.2735E-06 

288. 

432. 

.2497E-08 

.1507E-07 

.8862E-07 

.5999E-C7 

.1661E-06 

360. 

288. 

.4324E-08 

.3633E-07 

.1396E-06 

•1019E-06 

.2821E-06 

360. 

360  . 

.2063E-08 

•  1669E-07 

.8C04E-07 

.5642E-n7 

.1542E-06 

360. 

432. 

.1145E-08 

.8387E-08 

.5084E-07 

.3338E-07 

.9375E-07 

432. 

288. 

.2315E-08 

.2306E-07 

.8862E-07 

.6191E-07 

.1759E-06 

432. 

360. 

.1106E-08 

.1060E-07 

.5084E-07 

.3387E-07 

.961 lE-07 

432. 

432. 

.6149E-09 

.5322E-08 

.3231E-07 

.2C16E-07 

.5840E-07 

72 

X  144 

288. 

288. 

.1800E-07 

.1507E-06 

.4459E-06 

.4102E-96 

.1024E-0^ 

286. 

360. 

.8635E-08 

.7739E-07 

.2595E-C6 

.2323E-06 

.5778E-C6 

288. 

432. 

.4804E-08 

.4253E-07 

.1664E-06 

.1433E-0e 

.3570E-C6 

360. 

288. 

.8302E-08 

.8385E-07 

.2595E-06 

.2412E-C6 

.5928E-06 

360. 

360. 

.3991E-08 

,4324E-07 

.1511E-06 

.1369E-06 

.3382E-06 

360. 

432. 

.2224E-08 

.2381E-07 

.9690E-07 

.8469E-07 

.2076E-06 

432. 

288. 

.4477E-08 

.5312E-07 

.1664E-06 

.I822E-06 

.3762E-06 

432. 

360. 

.2154E-08 

.2748E-07 

.9690E-07 

.8655E-n7 

.213or-06 

432. 

432. 

.1201E-08 

.1515E-07 

.62nE-07 

.5333E-07 

.1310F-^6 

144  X  72 

288. 

288. 

.1300E-06 

.2933E-06 

.1259E-0^ 

,7194E-r6 

.24o:E-C5 

288. 

360. 

.5145E-07 

.1414E-06 

.  6693E*“0t’ 

.4004E-C6 

.1262E-r5 

288. 

432. 

.2543E-07 

.7336E-07 

.4054E~06 

.2431E-C6 

.7472E-C6 

360. 

266. 

.4084E-O7 

.1401E-06 

.6693E-Q6 

.4l27E-n6 

.127lE-9b 

360. 

360. 

.1968E-07 

.6712E-07 

.3627E-06 

.2296E-06 

.679IE«06 

360. 

432. 

.9050E-O8 

.3467E-07 

.2225E-06 

. 1 396E-06 

.4066F-06 

432. 

286. 

.2326E-07 

,7868E-07 

.4054E-n6 

,?S4<?F-.r6 

432. 

360. 

.9482E-O0 

.3780E-07 

.2225E-C6 

.I420£-r6 

,41 17E-06 

432. 

432. 

.4784E-08 

.1933E-07 

.1373E-C6 

.864JE-r7 

,2482F-06 

CONTINUED 
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£0*6 

D0=1. 

(AT  1  INCH) 

ALL  DIMENSIONS 

[N  INCHES 

ELI 

EL2 

LC 

MC 

Cl 

MS 

TOTAL 

12  X 

12 

CROSS 

SECTION 

48* 

48. 

.2743E-07 

.8712E-07 

.1018E*  06 

.6375E-07 

.2801E-06 

48, 

60* 

.1325E-07 

.4159E-07 

.5819E-07 

.3452E-07 

.1475E-06 

48. 

72. 

.7418E-08 

.2131E-07 

.3693E-07 

.2o58£-o7 

.8624E-07 

60* 

48. 

.1198E-07 

.4802E-07 

.5819E-07 

.3827E-07 

.1564E-06 

60. 

60* 

.5810E-08 

.2291E-07 

.3332E-07 

.2078E-07 

.8282E-07 

60. 

72. 

. 32626-08 

.1171E-07 

.2116E-07 

.1243E-07 

.4856E-07 

72. 

48. 

.6248E-08 

.3028E“07 

.3693E-07 

.24936-07 

.9839E-07 

72. 

60. 

.3034E-08 

.1444E-07 

.2116E-07 

.1356E-07 

.5219E-07 

72. 

72. 

.1706E-08 

.7374E-08 

.1344E-07 

.8124E-C8 

.3064E-07 

12  X 

24 

48. 

48. 

.5131E-07 

.1928E-06 

.1873E-06 

. 1416E-06 

.5730E-06 

48. 

60. 

.2506E-07 

•1028E-06 

.1088E-06 

.8045E-07 

.3171E-P6 

48. 

72. 

•1412E-07 

.S786E-07 

.6974E-07 

.4935E-07 

•1910E-06 

60. 

48. 

.2275E-07 

.1058E-06 

•  i088E-06 

.8621E-07 

•3235E-06 

60. 

60. 

.1114E-07 

.5672E-07 

.6324E-07 

.4910E-07 

.180rE-06 

60. 

72. 

.6292E  '08 

.3192E-07 

.4050E-07 

.3021E-07 

.1089E-06 

72. 

48. 

.1197E-07 

.6666E-07 

.6974E-C7 

.5714E-07 

.2055E--06 

72. 

60. 

.5866E-08 

.3582E-07 

.4050E-07 

.3262E-07 

.1148E-06 

72. 

72. 

.3316E-08 

.2016E-07 

.2593E-07 

.2012E-07 

.6952E-07 

24  X 

12 

48. 

48. 

♦3687E-06 

•4700E-06 

.5155E-06 

.2400E-06 

.1594E-0D 

48. 

60. 

.1478E-06 

.22406-06 

.27S2E-0' 

.1347E-06 

.7ri7E-06 

48. 

72. 

.7385E-07 

.1169E-06 

.1673E-0t 

.ei80E-07 

.4398E-06 

60. 

48. 

.1292E-06 

.2106E-06 

.2752E-06 

.1418E-06 

.7569E-06 

60. 

60. 

.5317E-07 

.1007E-06 

.1497E-06 

.7974E-07 

.3833E-06 

60. 

72. 

.2703E-07 

.5248E-07 

.9207E-07 

.4860E-07 

.22016-06 

72. 

48  • 

.5934E-07 

.1139E-06 

.1673E-06 

.9205E-07 

.4326E-06 

72. 

60. 

.2476E-07 

.5496E-07 

.9207E-07 

.5179E-07 

.2235E-06 

72. 

72. 

.1271E-07 

.2875E-07 

.5703E-07 

.3163E-07 

.1301E-06 

CONTINUED 


52 


E0=6  D0=0 


ELI 

EL2 

LC 

MC 

Cl 

MS 

TOTAL 

72 

X  72 

D0  =  0 

288, 

288. 

.3869E-08 

.1452E-07 

.1018E-06 

.6374E-07 

.1839E-06 

288. 

360. 

.1876E-08 

.6932E-08 

.5819E-07 

.3452E-07 

.1015E-06 

288. 

432. 

.1051E-08 

.3553E“08 

.3693E-07 

.  2058E“~07 

.6211E-07 

360. 

288. 

.1756E-08 

.8004E-08 

.6819E-07 

.3827E-07 

.1062E-06 

360. 

360. 

.8552E-09 

.3818E-08 

.3332E-07 

.2078E-07 

,5877E“07 

360. 

432. 

.4812E-09 

.1952E-08 

.2116E-07 

.1243E-07 

.36n2E-07 

432. 

288. 

.9358E-09 

.5048E-08 

.3693E-07 

.2493E-07 

.6784E-07 

432. 

360. 

.4568E-09 

.2406E-08 

.2116E-07 

.1356E-07 

.3758E-07 

432. 

432. 

.2575E-09 

.1229E-08 

.1344E-07 

.8124E-08 

.2305E-07 

72 

X  144 

288. 

288. 

.7245E-08 

.3213E-07 

.1873E-06 

.1416E-06 

.3682E-06 

288. 

360. 

.3552E-oe 

.1713E-07 

•  1088E*-06 

.8044E-07 

.2099E-06 

288. 

432. 

.2005E-08 

.9643E-08 

.6974E-07 

.4935E-07 

.1307E-06 

360. 

288. 

,3336E-08 

. 1763E~07 

.1088E-06 

.8620E-07 

.2159E-06 

360. 

360. 

.1640E-08 

.9454E-08 

.6324E-07 

,4909E-07 

.1234E-06 

360. 

432. 

.9288E-09 

.5320E-08 

.4050E-07 

.3021E-07 

.7695E-'07 

432. 

288. 

.1793E-08 

.llllE-07 

.6974E-07 

.5713E-07 

.1397E--06 

432. 

360. 

.8832E-09 

.5970E-08 

.4050E-07 

.3262E-C7 

.7997E--07 

432. 

432. 

.5007E-09 

.3360E-08 

.2593E-07 

.20l2E*-07 

,4991E“07 

144 

X  72 
288. 

288. 

.5055E-07 

.7833E-07 

.5155E-06 

.2399E-06 

.8842E-06 

288. 

360. 

.2024E-07 

.3733E-07 

.2752E-'06 

.  1347E-06 

• 4674E~06 

288. 

432. 

.lOllE-07 

.1948E-07 

.1673E-06 

.81 79E-07 

.2786E-06 

360. 

288. 

.1871E-07 

•3511E-07 

.2752E-06 

.1417E-06 

.4707E-06 

360. 

36C. 

.a6''of-07 

— '  ^  p— 

•  1  -  i  —  O 1 

,^;539E-06 

360. 

432  . 

.3920E-08 

.8747E-08 

.9207E-07 

.4860E-07 

.1533E-06 

432. 

288. 

•883CE-08 

.1899E-07 

.1673E-06 

.9204E-07 

.2871E-06 

432. 

360. 

.3695E-08 

.9160E-08 

.9207E-07 

.5178E-07 

.  1 567E-06 

432. 

432. 

.1900E-08 

.4792E-08 

.5703E-07 

.3162E-07 

.9534E-07 

TABLE  8-1 1,  FORMULA  SOLUTIONS  IN  120  CASES 
A,  SIXTY  EXPERIMENTAL  CASES 


EO 

LI 

L2 

H 

w 

RI 

RC 

R 

1.230 

1.740 

1.510 

.917 

.917 

.1166E-01 

.1829E-01 

.637 

1.250 

1.740 

1.890 

.917 

.917 

.6411E-02 

.9216E-02 

.695 

1.250 

1.74C 

2.250 

.917 

.917 

.4027E-02 

.5613E-02 

.717 

1.250 

1.740 

3.370 

.917 

.917 

.1371E-02 

.1752E-02 

.782 

1.250 

3.280 

1.890 

.917 

.917 

.1286E-02 

.1278E-02 

1.006 

1.250 

3.280 

2.620 

.917 

.917 

.5382E-03 

.5406E-03 

.995 

1.250 

3.280 

3.370 

.917 

.917 

.2750E-03 

.2693E-03 

1.021 

1.250 

3.270 

1.600 

.925 

.925 

.2071E-02 

.2042E-02 

1.014 

1.250 

3.270 

2.580 

.925 

.925 

.5794E-03 

.5798E-03 

•  999 

1.250 

3.270 

3.250 

.925 

.925 

.3130E-03 

.3110E-03 

1.006 

1.250 

8.000 

11.000 

6.000 

6.000 

.2657E-03 

.2955E-03 

.899 

1.250 

8.000 

15.000 

6.000 

6.000 

.1161E-03 

.1259E-03 

.922 

1.250 

8.000 

19.000 

6.000 

6.0C0 

•6185E-04 

.6658E-04 

.929 

1.250 

6.0C0 

5.000 

3.000 

3.000 

.6195E-03 

.6029E-03 

1.027 

1.250 

6.000 

6.000 

3.000 

3.000 

.3809E-03 

.3688E-03 

1.033 

1.250 

6.000 

7.000 

3.000 

3.000 

.2525E-03 

.2444E-03 

1.033 

1.250 

7.500 

4.500 

3.000 

3.000 

.4661E-03 

.4244E-03 

1.098 

1.250 

7.500 

5.500 

3.000 

3.000 

.2729E-03 

.2464E-03 

1.107 

1.25C 

7.500 

6.000 

3.000 

3.000 

.2164E-03 

.1961E-03 

1.103 

1.250 

7.500 

7.500 

3.000 

3.000 

.1193E-03 

.1109E-03 

1.076 

1.250 

10.000 

11.000 

6.000 

6.000 

•1509E-03 

.1506E-03 

1.002 

1.250 

10.000 

15.000 

6.000 

6.000 

•6600E-04 

.6639E-04 

•  994 

1.250 

10.000 

19.000 

6.000 

6.000 

•3513E-04 

.3550E-04 

•  989 

1.250 

12.000 

11.000 

6.000 

6.000 

•9510E-04 

•9038E-04 

1.052 

1.250 

12.000 

15.000 

6.000 

6.000 

.4158E-04 

.4068E-04 

1.022 

1.250 

12.000 

10. 000 

6.000 

6.000 

.2213E-04 

.2188E-04 

1.011 

1.250 

3.500 

2.000 

1.000 

1.000 

.1202E--02 

.1290E-02 

.932 

1.250 

3.500 

3.000 

1.000 

1.000 

.407SE-03 

.4465E-03 

.913 

1.250 

3.500 

4.000 

1.000 

1.000 

.1893E-03 

.1972E-03 

.960 

.662 

3.500 

2.000 

1.000 

1.000 

.1888E-02 

.2202E-02 

.857 

•  662 

3.500 

3.000 

1.000 

1.000 

.6404E-03 

.7588E-03 

•  843 

•  662 

3.500 

4.000 

1.000 

1.000 

.2973E-03 

.3270E-03 

•  909 

•  662 

13.000 

11.000 

6.000 

6.000 

.1219E-03 

.1326E-03 

.919 

•  662 

13.000 

14.000 

6.000 

6.000 

•6408E-04 

.7158E-04 

•  895 

•  662 

12.000 

11.000 

6.000 

6.000 

.1493E-03 

.1663E-03 

.898 

•  662 

12.000 

19.000 

6.000 

6.000 

.3476E-04 

.4012E-04 

•  866 

•  412 

10.000 

11.000 

6.000 

6.000 

.3319E-03 

.3367E-03 

•  985  1 

.412 

10.000 

15.000 

6.000 

6.000 

•1451E-03 

.1512E-03 

•  960  1 

.412 

lo.ooo 

19.000 

6.000 

6.000 

.7727E-04 

.7808E-04 

•  989  I 

•  412 

13.000 

11.000 

6.000 

6.000 

.1707E-03 

.1664E-03 

1.026  1 

.412 

13.000 

15.000 

6.000 

6.000 

.7466E-04 

.7515E-04 

.993  1 

.412 

13.000 

19.000 

6.000 

6.000 

.3974E-04 

.3992E-04 

.995  I 

CONTINUED 
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to  LI  L2  H 

l»37o  l0*00n  11,000  6,00 U 

2.75c  10.000  11.000  6.000 

1.370  i 0.000  15,000  6,000 

2.750  10.000  15.00C  6.000 

1.370  lO.OCO  19.CC0  6.000 

2.750  lO.noC  10,000  6.00C 

1.370  13,000  11.000  6,000 

2.750  13.000  11.000  6.000 

1.37c  13.000  15.000  6.000 

2.750  13.000  15,000  6,000 

1.370  13.000  19.000  6,000 

2,75C  13.000  19.000  6.000 

1.370  1  7,000  11,000  6,0v)0 

2.750  17.000  11,000  6,000 

1.370  17,000  15,000  6,000 

2.750  17,000  15.000  6,000 

1.370  17,000  19,000  6,000 

2,750  17,000  19.000  6,000 


W  RI  KC 

6,000  •1414E-03  ,l419E-03 
6,000  ,8624E-04  ,9269E-04 
6.000  ,6184E-04  ,6270E-04 
6.0C0  .3771E-C4  ,4020E-C4 
6.000  .3292E-04  .3337E-04 
6.000  .2007E-0'-  ,2153E*-04 
6.000  .7275E-04  .6832E-04 
6,000  ,4435E-04  ,4349E-04 
6,000  .3181E~04  ,3082E--04 
6,000  .1939E-04  .1955E-04 
6.000  .1693E-C4  ,1663E-04 
6.000  •1032E-04  .1061E-C4 
6,000  ,3686E-04  ,33r)7E-04 
6.000  .2247E-04  .2109E-04 
6.000  .16I2E-04  .1532E-04 
6.000  .9829E-C5  ,9664E-05 
6,000  •8581E-05  ,8363E“05 
6,00n  ,5232E~05  ,4547E-05 


R 

.996 

.930 

.986 

.938 

.986 

.932 

1.064 

1.019 

1.032 

.992 

1.018 

.973 

1.114 

1.065 

1.052 

1.017 

1.026 

1.150 


CONTIMUED 
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8,  SIXTY  RANDOM  CASES 


EO 

LI 

L2 

H 

W 

RI 

RC 

R 

1,234 

11,000 

18,000 

5.200 

4.800 

,1825E-04 

.1761E-0'4 

1,036 

1.995 

21.000 

15.000 

6.000 

3.200 

,2111E-05 

,2183E-0i' 

.967 

.732 

30.000 

20.000 

5.900 

4.300 

,1421E“05 

.1388E-05 

1.023 

1.035 

22.000 

25.000 

4.800 

4.500 

,1219E«05 

.1099E-05 

1.109 

,977 

16.000 

17.000 

4.100 

3.000 

.3120E-05 

,2818E-05 

1,107 

2,519 

17.000 

15.000 

5.500 

4.600 

.5747E-05 

,5663E-05 

1.014 

4.323 

23.000 

17.000 

6.000 

3.400 

,78l0E-06 

.8593E-05 

.908 

5*057 

7.000 

7.000 

5.000 

2.900 

.9422E-04 

,894lE-04 

1.053 

1.962 

17.000 

17.000 

5.000 

3.100 

.2C82E-05 

.2058E-05 

1.011 

3,252 

20.000 

20.000 

3.700 

2.909 

.4172E-06 

,’997E-06 

1.043 

5.972 

31.000 

10.000 

6.000 

4.800 

.2356E-05 

,2215E-05 

1.063 

2.275 

23,000 

31.000 

5.200 

5.100 

,4819E“06 

,47onE“06 

1.025 

4,702 

22.000 

32.000 

5.900 

3.100 

.1252E-06 

.1381E~06 

,907 

3.676 

17.000 

25.000 

4.700 

4.300 

.8551E-06 

,8442E“06 

1,012 

4.364 

19,000 

8.000 

4.200 

2.200 

,2891E-05 

,2966E-05 

,975 

5.523 

18.000 

19.000 

4.300 

4.300 

,l062E-05 

,1076E-05 

.987 

3,809 

6,000 

5.000 

4.000 

2.100 

.1814E-03 

,1668E-03 

1.087 

3.633 

13.000 

8,000 

4,300 

3.600 

.2315E-04 

,1946E-04 

1,189 

2,992 

30.000 

24,000 

5,900 

4.000 

.2791E-06 

,2975E-06 

.938 

2.990 

29,000 

25,000 

5.100 

2.600 

,l029E-06 

.1078E-06 

.954 

4.411 

29.000 

31.000 

5.400 

4.400 

,1297E-06 

.1380E-06 

.940 

3.701 

7.000 

22.000 

4.000 

3.000 

.4841E-05 

,4464E-05 

1.084 

5.299 

10.000 

6.000 

1,700 

1.100 

,3139E-05 

,3077E-05 

1,020 

4.308 

33.000 

27,000 

5.700 

5.100 

.1927E-06 

,2090E-06 

.922 

4,715 

25.000 

15.000 

5.200 

4,000 

.1002E-05 

.1047E-05 

•  957 

2.305 

16.000 

12.000 

5,100 

3.900 

.8749E-05 

.8292E-05 

1.055 

5.859 

22,000 

23.000 

4.800 

4.600 

,4642E-06 

,4859E-06 

,955 

3.406 

12,000 

7.000 

2,400 

1.900 

,7148E-05 

.6714E-05 

1*064 

3,531 

9,000 

11.000 

2.800 

1.700 

,4004E-05 

.3808E-05 

1.051 

4.323 

14.000 

12.000 

2.900 

2,900 

,2635E-05 

,2485E-05 

1.060 

4.707 

16.000 

13.000 

5,400 

3.600 

,3833E-05 

.3846E-05 

.996 

2.381 

22.000 

20.000 

6.000 

4.600 

.1563E-05 

•1600E-05 

.977 

5.960 

2.000 

6.000 

1.190 

1.000 

.9536E-04 

,1049E-03 

.909 

5.142 

5.000 

4.000 

2*300 

1.200 

.8544E-04 

.8117E-04 

1.052 

2.712 

30.000 

16.000 

5,700 

4.100 

,8977E-06 

.9265E-06 

•  968 

.715 

30.000 

19.000 

5.200 

3,700 

.llOOE-05 

•1052E-05 

1.046 

5.921 

25,000 

16.000 

4,200 

2.400 

.2175E-06 

.2372E-06 

.917 

3,171 

22,000 

17,000 

5.900 

4,900 

.2193E-C5 

.2238E-05 

•  980 

.845 

28.000 

30.000 

5.000 

3,300 

,2657E-06 

.2370E-06 

1.121 

3.780 

24.000 

14.000 

3.100 

3.000 

,8743E-06 

.9374E-06 

•  932 

2.269 

7.000 

14.000 

2.400 

2.000 

.6509E-05 

.5495E-05 

1.184 

4.891 

17.000 

33.000 

5.700 

4.100 

•3613E-06 

•3715E-06 

.972 

4.783 

13.000 

13.000 

5.600 

3,200 

.5264E-05 

.J331E-05 

•  987 

4.958 

18.000 

24.000 

4,500 

3.600 

.4529E-06 

.4554E-06 

.994 
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EO 

LI 

L2 

H 

W 

RI 

RC 

R 

1,523 

8,000 

9,000 

3.400 

2.100 

.30i9E-04 

,2870E-04 

1.052 

3.993 

3,000 

7,000 

1.200 

1  .200 

,4649E-04 

,4218E-04 

1.102 

5,759 

32,000 

19,000 

5.000 

3,800 

,2549E-06 

•2915E-06 

.874 

4.622 

8,000 

14.000 

:<.3oo 

3.000 

.8265E-05 

.7919E-05 

1.043 

4,010 

16,000 

34,000 

6^000 

3.500 

,3443E-06 

,3554E-06 

.968 

3,044 

19,000 

22,000 

4.300 

3,200 

.5366E-06 

.5294E-06 

1.013 

5,138 

29,000 

17,000 

5.800 

4.300 

.5895E-06 

.6406E-06 

.920 

.044 

15.000 

26,000 

4.600 

2,400 

.9417E-06 

,8609E-06 

1.093 

1.730 

9.000 

17,000 

3,600 

3.100 

,8470E-05 

,7575E-05 

1.118 

5.508 

17,000 

21.000 

5.800 

5,000 

.1660E-05 

,1746E-05 

.951 

4,438 

15,000 

19,000 

4.600 

4.500 

.2289E-05 

,2295E-05 

,997 

5,500 

22,000 

15.000 

3,700 

2.200 

.2830E-06 

.2973E-06 

.952 

1,736 

25,000 

24.000 

5.900 

5.800 

,1349E-05 

.1334E-05 

1.011 

2,639 

16.000 

27,000 

6,000 

5.200 

.1859E-05 

,1867E-05 

.996 

1.732 

17.000 

18,000 

3,400 

2.700 

.1050E-05 

.9233E-06 

1.138 

4.411 

18.000 

20.000 

5.700 

3.500 

.9384E~06 

,9945E-06 

.943 
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TABLE  B-III.  SOLUTIONS  TO  162  PRELIMINARY  CASES 


EO 

LI 

L2 

H 

w 

RI 

RC 

R 

•  6.2 

4, 

4, 

!• 

!• 

•2119E-03 

•2077E-0- 

1^020 

•  662 

4. 

5. 

1. 

!• 

•1169E-03 

•1040E-03 

1  •123 

•  662 

4, 

6  • 

!• 

!• 

•7188E-04 

•5869E-04 

1^224 

•  662 

5. 

4. 

!• 

!• 

•  1204E-03 

.1150E-03 

1  ^046 

•  662 

5. 

5. 

!• 

!• 

•6641E-04 

•5765E~04 

U151 

•  662 

5. 

6^ 

!• 

!• 

•4033E-04 

•3251E-04 

lm25e 

•  662 

6» 

4, 

!• 

!• 

•7587E-04 

•7178E-04 

1  •OSS 

•  662 

6. 

5. 

!• 

!• 

•4184E-04 

,3594E-04 

U164 

•  662 

6. 

6^ 

!• 

!• 

,2573E-04 

•2023E-04 

1^271 

•  662 

4« 

4, 

2» 

!• 

•3C74E-03 

•4567E-03 

•  870 

•  662 

4. 

5» 

2» 

!• 

•2192E-03 

•2422E-03 

•  905 

•  662 

4. 

6  • 

2. 

!• 

•1347E-03 

•1410F-03 

•  955 

•  662 

5. 

4, 

2. 

!• 

•2258E-03 

•2568E-03 

•  879 

•  662 

5, 

5, 

2, 

!• 

•1245E-C3 

•1368E-03 

UOll 

•  662 

5. 

6* 

2, 

!• 

•7658E-04 

,7986E-04 

•  912 

•  662 

6^ 

4, 

2. 

!• 

.1422E-03 

•1618E-03 

•  878 

•  662 

6. 

5. 

2^ 

!• 

•7846E-04 

•8641E-04 

•  907 

•  662 

6. 

6^ 

2^ 

!• 

•4824E-04 

•5044E-04 

•  956 

•  662 

4* 

4^ 

!• 

2^ 

•8230E-03 

•1041E-02 

•  789 

•  662 

4. 

5* 

!• 

2^ 

•453eE-03 

•5104E-03 

•  889 

•  662 

4^ 

6* 

!• 

2^ 

•2791E-03 

•2832E-C3 

•  985 

•  662 

5, 

4, 

!• 

2. 

•4675E-03 

•5124E-03 

•  912 

•  662 

5, 

5* 

!• 

2m 

•2578E-03 

•2554E-03 

1^009 

•  662 

5^ 

!• 

2m 

•1383E-03 

•1436E-03 

1.103 

•  662 

6^ 

4^ 

!• 

2m 

•2945E-03 

•2947E-03 

•  999 

•  662 

6, 

5* 

!• 

2m 

•1624E-03 

•1488E-03 

U091 

•  662 

6« 

6  • 

!• 

2m 

•9989E-04 

•8436E-04 

U184 

•  662 

24^ 

24^ 

6« 

bm 

•3219E-05 

•3172E-05 

K014 

•  662 

24, 

>u. 

6* 

6  • 

•1775E-03 

•:717C-05 

U033 

•  662 

36^ 

6  • 

•1091E-05 

.1039E-05 

1.050 

•  662 

30^ 

24^ 

6* 

6^ 

•1828E-05 

•1773E-05 

1^031 

•  662 

30^ 

30^ 

6# 

bm 

•1008E-05 

•9608E-06 

1.049 

•  662 

30^ 

36^ 

bm 

•6202E-06 

•5803E-06 

1.068 

•  662 

36^ 

24^ 

6* 

6^ 

•  U52E-05 

•  U03E-05 

1.044 

•  662 

36^ 

30^ 

6« 

6  • 

•6334E-06 

•5972E-06 

1.064 

•  662 

36^ 

36^ 

6^ 

6^ 

•3907E-06 

•3613E-06 

1.081 

•  662 

24. 

24^ 

12^ 

6^ 

•6036E-05 

•6628E-05 

•  910 

•  662 

24, 

30^ 

12^ 

bm 

•3329E-05 

•3708E-05 

.897 

•  662 

24^ 

36^ 

12« 

bm 

•2047E-05 

•2280E-03 

•  897 

•  662 

30^ 

24^ 

12^ 

bm 

•3429E-05 

•3806E-05 

.900 

•  662 

30^ 

30  • 

12^ 

bm 

•189ie-05 

•2134E-05 

•  886 

•662 

30^ 

36  • 

12^ 

bm 

•  n63E-05 

•1314E-05 

•  884 

•662 

36, 

24^ 

12^ 

bm 

•2160E-03 

•2406E-05  ^897 
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EG 

LI 

L2 

H 

W 

RI 

RC 

R 

.662 

36. 

30. 

12. 

6. 

.  1191E-05 

.1350E-05 

.882 

•  662 

36. 

36. 

12. 

6. 

.7327E-06 

.8312E-06 

.881 

.662 

24. 

24. 

6. 

12. 

.  1249E-04 

,1508E-04 

.828 

.662 

24. 

30. 

6. 

12. 

.6892E-05 

,791 lE-05 

.871 

•  662 

24. 

36. 

6, 

12. 

.4238E-05 

.4676E-05 

.906 

.662 

30. 

24, 

6. 

12. 

.710CE-05 

.7963E-05 

.891 

.662 

30. 

30c 

6. 

12. 

.3915E-05 

.4239E-05 

.923 

30. 

36. 

6. 

12. 

.2408E-05 

.2532E-05 

.951 

.662 

36. 

24. 

6, 

12. 

,4473E-05 

.4764E-05 

.930 

•  662 

36. 

30. 

6. 

12. 

.2467E-n5 

.2561E-05 

.963 

»e62 

36. 

36, 

6. 

12. 

.  1517E-05 

.1 538E-05 

.985 

1.230 

4. 

4. 

1. 

1. 

.  1349E-03 

•i267E-03 

1.064 

1.250 

4. 

5. 

1. 

1. 

,7444E-04 

.6455E-04 

1.153 

1.250 

4. 

6. 

1. 

1. 

.4577E-04 

.3676E-04 

1.245 

1.250 

5. 

4. 

1. 

1. 

.7668E-04 

.7017E-04 

1.092 

1.250 

5. 

5. 

1. 

1. 

.4229E-04 

.3582E-04 

1.180 

1.250 

5. 

6. 

1. 

1. 

.2600E-04 

.2041E-04 

1  .273 

1.250 

6. 

4. 

1. 

1. 

.4831E-04 

.4371E-04 

1.105 

1.250 

6. 

5, 

1. 

1. 

.2664E-04 

.2232E-04 

1.193 

1.250 

6. 

6. 

1. 

1. 

•  1638E-C4 

.1271E-04 

1.288 

1.250 

4. 

4, 

2, 

1. 

.2531E-03 

.27046-0? 

.935 

1.250 

4. 

5. 

2. 

1. 

.1395E-03 

.1457E-03 

.957 

1.250 

4. 

6. 

2. 

1. 

.8584E-04 

.8585E-04 

.999 

1.250 

5. 

4. 

2. 

1  • 

.  1437E-03 

.15226-03 

.044 

1.250 

5. 

5. 

2. 

1. 

.7930E-04 

.82516-04 

.961 

1.250 

5. 

6. 

2. 

1. 

.4876E-04 

,48756-04 

1.000 

1.250 

6. 

4. 

2, 

1. 

,9059E-04 

.95866-04 

,944 

1.250 

6. 

5. 

2, 

1. 

.4996E-04 

.52126-04 

.958 

1.250 

6. 

6. 

2. 

1. 

,3072£-04 

.30836-04 

.996 

1.250 

4. 

4, 

1. 

2. 

.5240E-03 

.66156-03 

.792 

1.250 

4. 

5. 

1. 

2. 

.2890E-0? 

.32506-0? 

.889 

1.250 

4. 

6. 

1. 

2. 

.  18086-03 

.982 

1.250 

5. 

4, 

1. 

2. 

,2V77F-0’ 

,32216-0? 

.924 

1.250 

5. 

5. 

1. 

2. 

.1642E-0? 

.16146-0? 

1.017 

1.250 

5. 

6. 

1. 

2. 

.1009E-03 

.91226-04 

1.106 

1.250 

6. 

4, 

1. 

2. 

.18756-03 

.18436-03 

1.017 

1.250 

6. 

5. 

1. 

2. 

.1034E-03 

.93816-04 

1.102 

1.250 

6. 

6« 

1. 

2. 

.6361E-04 

.53486-04 

1.189 

1.250 

24, 

24. 

6, 

6  • 

.2050E-05 

.20066-05 

1  *021 

1.250 

24. 

30. 

6  • 

6« 

.11306-05 

.10946-05 

1.033 

1.250 

24, 

36. 

6. 

6  • 

,69526-06 

.66446-06 

1  .046 

1.250 

30. 

24, 

6« 

6* 

.11646-05 

.11286-05 

1.032 

1.250 

30. 

30. 

6« 

6« 

.64226-06 

.61686-06 

1.041 

1.250 

30. 

36. 

6« 

6  • 

.39496-06 

.37496-06 

1.053 

1.250 

36, 

24, 

6. 

6« 

.73376-06 

.70366-06 

1.042 

1.250 

36. 

30. 

6, 

6. 

,40466-06 

♦38446-06  1.052 
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FO 

LI 

L2 

H 

w 

1.250 

36. 

36. 

6. 

6. 

1.250 

24, 

24, 

12. 

6. 

1.250 

24, 

30. 

12. 

6  . 

1.250 

24, 

36. 

12. 

6. 

1.250 

30, 

24. 

12. 

6. 

1.250 

30. 

30. 

12, 

6  • 

1.250 

30. 

36. 

12. 

6  . 

1.250 

36. 

24. 

12. 

6  . 

1.250 

36. 

30. 

12. 

6  . 

1.250 

36. 

36, 

12. 

6. 

1.250 

24. 

24. 

6, 

12. 

1.250 

24. 

30. 

6. 

12. 

1.250 

24. 

36. 

6. 

12. 

1.250 

30. 

24. 

6, 

12. 

1.250 

30. 

30. 

6, 

12. 

1.250 

30. 

36. 

6. 

12. 

1.250 

36. 

24. 

6. 

12. 

1.250 

36. 

30. 

6. 

12. 

1.250 

36. 

36. 

6. 

12. 

6. COO 

4  • 

4. 

1. 

li 

6.000 

4. 

5. 

1. 

li 

6.000 

4. 

6« 

1. 

li 

6.000 

5. 

4# 

1. 

li 

6.000 

5. 

5. 

1. 

li 

6.000 

5. 

6. 

1. 

li 

6.000 

6. 

4, 

1. 

li 

6.000 

6« 

5. 

1. 

li 

6.000 

6. 

6  • 

1. 

li 

6.000 

4. 

4. 

2. 

li 

6.000 

4. 

5. 

2. 

li 

6.000 

4. 

6  • 

2. 

1 

6.000 

5. 

4. 

2. 

1 

6.000 

5. 

5, 

2. 

1 

6.000 

5. 

6  • 

2. 

1 

6.000 

6« 

4, 

2. 

1 

6.000 

6. 

5. 

2. 

1 

6.000 

6. 

6. 

2. 

1 

6.000 

4. 

4. 

1. 

2 

6.000 

4. 

5. 

I. 

2 

6.000 

6. 

1. 

2 

6.000 

5. 

4, 

1. 

2 

6.000 

5. 

5* 

1. 

2 

6.000 

5. 

6. 

1. 

2 

6.000 

6. 

4. 

1. 

2 

6.000 

6  « 

5. 

1. 

2 

Rf  Rr  R 

2488E-06  .2336E-06  1.06S 
3844E-05  .4093E-05  .938 

2119E-03  .23nE-05  .917 

1303E-05  .1428E-0E  .912 

2183E-05  .2371E-05  .920 

1204E-03  .1340E-05  .898 

7405E-06  .8303E-06  .891 

1375E-05  •1504E-05  .914 

7587E-06  .8519E-06  .890 

4665E-06  .5276E-06  .884 

7959E-05  .9603E-06  .828 

4389E-05  .5047E-05  .869 

2699E-05  .2988E-05  .903 

4521E-05  .5083E-05  .889 

2493E-05  .2716E-05  .918 

1533E-05  .1626E-05  .942 

2848E-05  .3048E-05  .934 

1571E-05  .1690E-05  .929 

9660E-06  .9927E-06  .973 

,4432E-04  .4033E-C4  1.098 
,2444E-04  .2124E-04  1.150 
,l503E-04  .1241E-04  1.210 
,2517E-04  .2252E-04  1.118 
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Sonrlcaa,  D^artmant  of  Commerce,  for  aale  to  the  public,  indi¬ 
cate  tMa  fact  and  aatar  tha  price,  if  knowiw 

IL  SUPPLEMENTARY  NOTER  Uaa  for  addiUonal  eaplana- 
tory  aotaa. 

IL  SPON8OR1N0  MIUTARY  ACTIVITY:  EiKar  the  name  of 
tha  dapartwaatal  prajact  offlca  or  laboratory  aponaorinp  fpa)^ 
int  tot)  the  raeaarch  aad  davafopamat.  Include  adRaaa. 

13-  ABSTRACT:  Bator  aa  abatiact  piTing  a  brief  and  factual 
auauaaiy  of  the  docuatoat  indicative  ef  the  report  even  though 
it  may  alao  appear  elaewhere  la  the  body  of  the  technical  re¬ 
port.  If  addltioaal  apaca  ia  leqnired,  a  continuation  aheet  ahall 
ba  attached. 

It  la  hi|bly  dealrable  that  the  abetract  of  claaeified  reporta 
be  aaclaaained.  Back  paiapraph  of  the  abetract  ahall  end  with 
aa  indication  of  the  militaiy  aecurity  claaaification  of  the  in¬ 
formation  la  the  paragraph,  repraaeatad  aa  fTSi.  rs;,  fc>.  or  ft/; 

Tbeta  ia  no  limitation  oa  the  lenpth  ef  the  abetract.  How¬ 
ever,  the  auppeated  lanpdi  ia  from  ISO  to  22S  woida. 


ever,  the  auppeated  wapdi  ia  from  ISO  to  22S  woida. 

14-  EEY  WORDS:  Bay  worda  are  techaicelly  meaningful  teima 
or  ehort  phraaea  that  eharactarlae  a  report  and  way  be  uaed  aa 
iadaa  eatriea  for  catalopiap  Om  report.  Eey  worda  muat  be 
aalected  ao  that  ao  aacurity  claaaifleation  ia  repuired.  IdeaU- 
Haia,  euch  aa  opuipaMat  model  deal«uUon,  trade  name,  military 
prajMt  code  Mma,  naopn^c  location,  may  be  uaed  aa  key 
worda  Imt  will  be  laTloi^ by  an  ladicnUon  of  teckaical  con¬ 
tent.  Ihe  aaalpamaat  of  liaka,  iplea,  aad  weighta  la  optional. 


UncloRiiflwd 

Sbcurity  ClaMificstion 


